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XXIV 
INTRODUCTION 
Root-knot nematodes (Meloido^yne s p e c i e s ) , due to t h e i r 
wor ld -wide d i s t r i b u t i o n , exceedingly wide hos t range and interact ion 
with fungi, bac t e r i a and v i ru se s resu l t ing in increase in d i sease 
s e v e r i t y , a re one of the major plant pathogens affecting the 
w o r l d ' s food p roduc t ion . Meloidogyne spec ies a t t ack an a r r a y 
of economically important p l an t s affecting both quan t i t a t ive ly 
and q u a l i t a t i v e l y . Vegetables , c e r e a l s , p u l s e s , o i l seed c r o p s , 
f i b e r - y i e l d i n g c r o p s , f rui t t r e e s , plantat ion c r o p s , ornamentals 
e t c . a r e affected by root-knot nematodes on wor ld -wide b a s i s . 
Est imated crop lo s ses due to Meloidogynl spec ies in major geographical 
regions of t h e t r o p i c s range from 5 to 43% (Sasse r , 1979). 
T h i s , however , v a r i e s depending upon the c r o p , t he spec ies 
and the geographical reg ion . In a re^s where management p r ac t i ce s 
for root -knot nematodes a re not p r a c t i c i z e d , average c rop y i e ld 
lo s ses a re es t imated to be about 2$% with damage in ind iv idua l 
f i e lds ranging as h igh as 60% ( S a s s e r , 1980; Sasser and C a r t e r , 
1982). 
Recognizing t h e i r enormous in ternat ional importance in 
a g r i c u l t u r e , the North Carolina State Univers i ty at Raleigh (U.S.A.) 
in i t i a t ed a wor ld -wide pro jec t known as Internat ional Meloidogyne 
Project (IMP) under the l e a d e r s h i p of Prof. J . N . Sasser in 
J u l y , 1975, to inves t iga te var ious a spec t s of t h e problem in 
i t s t o t a l i t y . One of the speci f ic ob jec t ives was to identify 
the spec ie s and r aces of root -knot nematodes in agr icu l tu ra l 
so i l s in different countr ies of the wor ld . It was funded by 
t h e United States Agency for In ternat ional Development (USAID). 
Nearly 100 nematologists from more than 70 countr ies of the 
world cooperated with t h i s p r o j e c t . The pro jec t before i t s 
terminat ion in 1984 af ter 9 y e a r s of functioning, ach ieved i t s 
ob jec t ive of ident i fying the nature of problems and spec ies 
and r aces of Meloidogyne ex i s t ing in different regions of the 
w o r l d . Four spec ie s of root -knot nematodes v i z . Meloidogyne 
incognita (Kofoid and White, 1919) Chitwood, 1949; M_. javanica 
( T r e u b , 1885) Chi twood, 1949; M^ a rena r i a (Neal , 1889) Chi twood, 
1949; and M^ hap la Chitwood, 1949 were recognized as major 
s p e c i e s . This pro jec t (IMP) was succeeded by a new one cal led 
Crop Nematode Research and Control Project (CNRCP) in 1984 
to maintain i t s cont inui ty . One of the main ob jec t ives of the 
CNRCP was to look for the su i t ab le and effect ive measures to 
solve the problems of root -knot nematodes iden t i f ied by the 
IMP on var ious c rops in different p a r t s of the w o r l d . This 
p ro jec t i s s t i l l , continuing af ter extension by the funding agency 
(USAID). 
At IMP h e a d q u a r t e r s at Raleigh ( U . S . A . ) , spec ies and 
races of root -knot nematodes in samples of plant roots obtained 
from 100 coopera tors represen t ing more than 70 developing nations 
were ident i f ied by employing different t e chn iques . Of a l l t he 
914 samples s t u d i e d , frequency of spec ies encountered was as 
fol lows: M. incognita 52%. M. javanica 31%. M. hapla 8%. M. a renar ia 
7%, M^ exigua 1% and o t h e r s , such as M^ gramin i s . Nh megatyla . 
M» mic ro ty la , M. naas i , M. graminicola and M_j_ oryzae 1%. 
Four races were d i f fe rent ia ted in M_^  incognita by using the 
North Carolina Host Differential Tes t . Race 1 comprised 72% 
of 472 populat ions of M^ incognita s tud ied ; Race 2 , 13%; Race 3 , 
13% and Race 4 , 2%. In M_^  a rena r i a popula t ions , two r a c e s were 
ident i f ied and des ignated as Race 1 and Race 2 (Sasse r , 1982). 
Root-knot nematodes l i ke many o the r countr ies a re economically 
important in India as w e l l . Eleven spec ies and one sub - spec i e s 
of Meloidogyne have been r e p o r t e d a t tacking la rge number of 
host p lan t s (S i t a ramaiah , 1984). Out of these spec ie s r e p o r t e d , 
only t h r e e , M_^  incogni ta , M. javanica and M^ graminicola B i rch f i e ld , 
1965 a re predominant in Ind ia . M. incognita and ML_ javanica 
have been found to a t t ack mostly v e g e t a b l e s , whereas M_^  graminicola 
i s confined to r i c e (Kr i shnappa , 1985). This information on 
occurrence and dominance of the spec ies is based on a r e l a t i v e l y 
few s t u d i e s . Reports on est imation of y ie ld losses caused by 
root -knot nematodes a re infrequent and vague (Kr i shnappa , 1985). 
S i m i l a r l y , t h e r e have been ve ry l imi ted s tudies to d i f ferent ia te 
the r aces in Mj_ incogni ta . Three r aces (Race 1,2 and 3) of 
M. incognita have been ident i f ied based on d i f fe ren t ia l host 
react ion in Karnataka (Kr i shnappa , 1982; Krishnappa and Se t ty , 
1983). Race 1 was most p r e v a l e n t . Race 2 was p resen t only 
at Hebbal on okra and Race 3 at Mysore . Krishnappa (1982) 
r e p o r t e d the occurrence of Race 1 from Tamil Nadu. Routray and 
Das (1982) r eco rded Race 1 and Race 2 of M^ incognita in and 
around Bhubaneshwar in Orissa. Race 1 of M^ incognita has 
been recorded to exist in Haryana (Raja and Gill, 1982). Isolates 
of M_. incognita from Jaipur, Jodhpur and Udaipur areas in Rajasthan 
State differed in pathogenicity in host differential test carried 
out by Parihar and Yadav (1986) which suggested the presence 
of races in the isolates . But races were, however, not designated 
by them. Haider et^  al^. (1988) identified Race 1 and Race 2 
of M. incognita from Bihar. Recently Khan et^  al^. (1988) reported 
the occurrence of all the four known races (Race 1, Race 2, 
Race 3 and Race 4) in M_^  incognita populations collected from 
some dis t r ic ts of State of Uttar Pradesh. 
The responses of host cultivars to different species 
of Meloidogyne may be variable and resistance and susceptibility 
may be even r a c e - specific. It i s , therefore, imperative to 
know the existence of different species of Meloidogyne and their 
races in a given area. Identity of Meloidogyne species and 
races , their pattern of distribution and relative dominance in 
different parts of India have not been systematically and thoroughly 
investigated, particularly in light of the significant informations 
emerging through IMP studies that are of global importance. 
These studies are of fundamental importance for successful cultivation 
of various crops. No attempt has been made for such studies 
in any State of India. Krishnappa (1985) in his review on 
work done in IMP region VIII (India) suggested to carry out 
extensive studies on identification of species and races of Meloidogyne 
and assessment of frequency and distribution of root-knot nematodes 
by collecting and characterizing as many as possible populations 
from different hosts in each State of India. In such an attempt Khan 
(1988) studied the identi ty, distribution and concentration of root-knot 
nematodes and their races on vegetable crops in 8 dis t r ic ts of 
Uttar Pradesh. 
Coinhabitation in plant nematodes is apparently common in 
crop fields and as a result they influence each other under such 
conditions. There have been several attempts to study the interactions 
between different species of plant nematodes differing in their modes 
of parasitism (Norton, 1978; Khan, 1981; Khan, 1984; Eisenback, 
1985; Eisenback and Griffin, 1987; Khan and Khan, 1988). In such 
cases the population of interacting nematodes is generally increased 
or decreased. Norton (1978) stated that our knowledge of competitive 
interaction which has been comparatively studied very l i t t le in 
nematology is not as sound on ecological bas i s , as i t is with other 
organisms. He contemplated that Cause's principle should be applied 
for interacting nematode populations as well. Cause's principle 
(Cause, 1934) or the principle of competitive exclusion states that 
only one species eventually occupy the niche. In other words, if 
two species occupy i t , one eventually will outcompete the other 
even though each species by itself can function in that niche. Norton 
(1978) concluded that competition between species of nematode exists 
and it is possible that some nematodes species are not able to 
survive in a particular habitat due to in part their inability to 
compete with other species. Before we arr ive at this conclusion 
for plant nematodes, comprehensive studies in addition to what 
has already been done are required. 
Some s tud ies have been done on in terac t ions between two 
seden ta ry endoparas i t e s belonging to different genera but s tud ies 
on in terac t ion between spec ies of root -knot nematodes a re scarce 
though root -knot nematodes a re commonly found in mixed populat ions 
(Tay lo r , 1987). Khan (1988) in h i s s tudy on the iden t i ty and 
d i s t r i bu t i on of root -knot nematodes assoc ia ted with vege tab les demons-
t r a t e d tha t in many f i e lds in the area of h i s s t u d y , mixed populat ions 
of Meloidogyne spec ie s were f requent ly encountered. A few a t tempts 
to s tudy in te rac t ions between the spec ie s of Meloidogyne h a v e , 
however , been made by Chapman (1965), Johnson and Nusbaum (1970) 
and Kinloch and Allen (1972) . Since the es tab l i shment of r aces 
in some spec ies of Meloidogyne t h e r e i s no pub l i shed record on 
in terac t ion of r aces of M^ . incognita or M^ . a renar ia with o the r spec ies 
of Meloidogyne on crop p l a n t s . The syne rg i s t i c or antagonist ic r e l a t i on -
s h i p s t ha t may deve lop between different spec ies of Meloidogyne 
and r aces in mixed populat ions need to be i n v e s t i g a t e d . When 
such s tud ies have been completed , compet i t ive p a t h o t r o p h i c a b i l i t y 
and r e l a t i v e dominance of different spec ies and r ace s of Meloidogyne 
on common hos t s of var ious c rops and t h e i r c u l t i v a r s wil l be known. 
Self - in teract ion or i n t r a - spec i f i c in terac t ion i s a lso common in plant 
nematodes due to competition between ind iv idua l s of the same spec ies 
( Ja ta la and Jensen , 1976). On t h i s b a s i s , the t rend in population 
bu i ld -up and extent of crop losses can be env i saged . In view 
of the foregoing, the following two major a spec t s have been s tudied 
for P h . D . : 
1. Incidence and intensity of root-knot disease, identity of species 
and races of root-knot nematodes associated with vegetables 
and their pattern of distribution in some dis t r ic ts of Western 
Uttar Pradesh. 
2. Inter-specific and intra-specific interactions of root-knot nematodes 
in co-inhabitance. 
The above two aspects are presented in two separate sections, 
each with l i terature review, materials and methods, resul ts , discussion 
and summary, in the thes i s . The l i terature cited has , however, 
been presented jointly for both the sections at the end. 
SECTION ONE 
*************************** 
* * 
X DISTRIBUTION • 
* AND * 
* IDENTITY STUDIES * 
* * 
* * 
* * 
*************************** 
LITERATURE REVIEW 
Root-knot nematodes (Meloidogyne spec i e s ) a r e cosmopolitan 
in d i s t r i bu t i on and a r e an important group of plant nematodes infecting 
a wide range of economically important p lan t s (Sasse r , 1977, 1980). 
They were f i r s t recognized by Berkeley (1855) on glasshouse cucumbers 
in England. Since then the patogens were des ignated with different 
names for a cons ide rab ly long per iod of t ime (Sasser and C a r t e r , 1982). 
Root-knot nematodes were named in 1879 by Cornu as Anguillula marioni 
in France (Cornu, 1879). In 1884, Muller ca l led them Heterodera 
r a d i c i c o l a . T i l l the e a r l y 20th cen tu ry , t he name Heterodera rad ic ico la 
(Greeff, 1872), Muller , 1884 was used for the root -knot nematodes . 
In 1924, Cobb obse rved tha t t h e r e were morphological differences 
between root -knot nematodes and cyst-forming Heterodera spec ie s 
and e r ec t ed the genus Caconema to include H_. r ad i c i co la (Cobb, 1924). 
In 1932, Goodey des ignated i t a s Heterodera marioni (Cornu, 1879) 
Goodey, 1932 (Goodey, 1932). 
The p resen t day name Meloidogyne was given by Goeldi 
(1887) . Chitwood (1949) , on t h e b a s i s of morhological d i f fe rences , 
p a r t i c u l a r l y in the cut icular markings of the pe r inea l region of 
adul t females , d e s c r i b e d four spec ie s v i z . Meloidogyne incognita 
(Kofoid and White, 1919) Chitwood, 1949; U. javanica ( T r e u b , 
1885) Chitwood, 1949; M^ . a rena r i a (Neal , 1889) Chitwood, 1949; 
M. ha lpa Chitwood, 1949 and one s u b - s p e c i e s . He gave generic 
diagnosis for Meloidogyne and d i f ferent ia ted i t from Heterodera 
Schmidt , 1871. Whitehead (1968) in a comprehensive rev iew re-def ined 
the genus and confirmed the morphological d i s t i nc tnes s of 23 spec ies 
of Meloidogyne. Franklin (1971) discussed the Meloidogyninae 
in relation to other Heteroderiadae and summarized the most useful 
characters for identification of Meloidogyne species . Franklin 
(1972) in her review included 32 species and cri t ically examined 
the most recent developments in the systematics of Meloidogyne with 
emphasis on the distinguishing characters of the various life stages. 
Upto 1976, 36 species were described from different hosts from 
various parts of the world (Taylor and Sasser, 1978). Franklin 
(1979) l isted 32 valid species of Meloidogyne and summarized the 
historical background of the genus and the methods of identification 
based on females, juveniles and males. By June 1984, 54 species 
and two sub-species had been described in the genus (Hirschmann, 1985). 
Upto the year 1986, the species index of the genus included 64 
species (Taylor, 1987). Since then, six more species have been 
added to the l i s t (Golden and Kaplan, 1986; Kleynhans, 1986; Zhang 
and Su, 1986; Abdel-Rahman and Maggenti, 1987; Jepsen 1987; Jepson 
and Golden, 1987). 
An analysis by Sasser (1977) on distribution of root-knot 
nematode species in different par ts of the world, included existence 
of 11 species in Africa; 9 species in Central and South America; 
18 species in the United States; 3 species in Canada; 11 species 
in Europe and the Mediterranean region; 10 species in India and 
Sri Lanka; 4 species in Russia; 5 species in Japan and 3 species 
in South East Asia. Australia and Fiji Islands. So far 70 species 
of root-knot nematodes have been descr ibed. 
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In view of t h e in terna t ional importance of root -knot nematodes, 
an Internat ional Meloidogyne Pro jec t (IMP) funded by USAID was 
s t a r t e d under t h e l e a d e r s h i p of Prof. J . N . Sasser of the Department 
of Plant Pa thology, North Carolina State Univers i ty at Raleigh, 
U.S.A. with t h e main goal of ass i s t ing the developing nations 
in increas ing y i e l d s of economic food c r o p s . More than 100 nematologists 
from u n i v e r s i t i e s and r e sea r ch i n s t i t u t e s of more than 70 countr ies 
around the world co l labora ted with IMP. Internat ional Meloidogyne 
Pro jec t d i v i d e d t h e whole world into e ight geographica l regions 
v i z . Region I - Mexico, Central America and Car ibbean ; Region II -
South America excluding Braz i l ; Region III - B raz i l ; Region IV -
West Africa; Region V - East Africa; Region VI - Asia; Region VII -
Mediterranean and Middle Eas t ; and Region VIII - Ind ia . Regional 
conferences were conducted p e r i o d i c a l l y in each region to plan 
r e s e a r c h ob jec t ives and a p p r o a c h e s . 
Approximate ly , 1300 l i ve populat ions of Meloidogyne 
spec ie s obtained from coopera tors in di f ferent IMP regions were 
s tud ied at IMP h e a d q u a r t e r s at Rale igh . Out of 914 samples iden t i f i ed , 
frequency of spec ie s encountered was as follows : M^ . incognita 52%, 
M_. javanica 31%, M_. hap la 8%, M^ . a rena r i a 7%, M_. exigua 1% 
and o t h e r s such as M .^ graminicola , }A_. megatyla , M .^ mic ro ty la , 
M^ . naa s i , M. graminis and M. oryzae 1%. Four r aces des ignated 
as Race 1, Race 2 , Race 3 and Race 4 were d i f fe rent ia ted in 
M^ . incogni ta . Race 1 comprised 72% of 472 populat ions s t u d i e d , 
Race 2 , 13%, Race 3 , 13%, and Race 4, 2%. Within the spec ie s 
of U. a renar ia two r ace s (Race 1 and Race 2) were d i s t i ngu i shed . 
11 
Race 1 comprised 16% and Race 2, 84% of 70 populations studied 
(Sasser, 1982). Sasser (1982) emphasized that researches on 
root-knot nematodes in agricultural soils must hereafter take 
into* consideration the existence of host races . 
About 95% of the populations identified through the efforts 
of the International Meloidogyne Project (IMP), collected from 
agricultural soils around the world are represented by only 
four species v iz . Meloidogyne incognita, M^ . javanica, M_. arenaria 
and M^ . hapla (Taylor et^  al_., 1982). These are now designated 
as major root-knot nematode species . The first two species were 
found to be widely distributed in t ropical , sub-tropical and 
warm temperate climates of the world. M_. arenaria was also 
encountered in such climates but it was relatively less frequent. 
All three of these species occurred in areas with an average 
temperature of 36°C or lower in warmest month. M_. hapla was 
found in temperate climate. It occurred in areas with an average 
temperature of 15°C during the coldest month, but was limited 
to areas with an average temperature of less than 27 °C during 
the warmest month (Taylor et^  al^., 1982). 
The project was concluded in 1984 after functioning for 
9 years . The pictures that have emerged from the studies under 
the coordination of IMP in different countries or IMP regions 
with regard to number of species and races present in the region, 
their pattern of distribution and relat ive dominance are summarized 
below. This , however, includes some information on these aspects 
that were available before the studies started under the aegis 
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of IMP. Species and races of root -knot nematodes recorded in 
di f ferent IMP regions of the world a re given in Table 1. Records 
on occurrence of spec ie s and r aces of root -knot nematodes in 
di f ferent countr ies of the var ious IMP regions a re r e p o r t e d in 
Tables 2 - 9 . 
Region I 
In t h e Region I , (Mexico, Central America and the Car ibbean) 
Meloidogyne incogni ta , M^ . j avan ica , M_. a renar ia and M^ . hap la 
were recognized to be the most p reva len t s p e c i e s . In add i t i on , 
another four spec ie s v i z . , M. exigua, M^ . k i k u y e n s i s , M. ci twoodi 
and M. oryzae were a lso found to be p resen t in the reg ion . 
Sosa-Moss (1985) summarized t h e occurrence of r aces of M. incognita 
in t h e reg ion . All t he four r aces of M. incognita (Race 1, Race 2 , 
Race 3 and Race 4) were de tec ted to be p r e sen t in the reg ion . 
The d i s t r i bu t ion of r ace s country w i s e , however , va r i ed (Table 2 ) . 
Puer to Rico i s t he only country in the region where a l l t he 
four r aces of M^ . incognita were r eco rded (Acosta and Negron, 
1982; Ayala, 1976, 1981; Ayala et^ al^., 1982; Taylor et^ al^., 1982; 
Burpee, 1981; Alvarado et^ ad . , 1982; Lopez, 1981; T a r t e , 1981; 
Anais, 1982; Kermarrec , 1981; Hutton, 1976, 1981; Dixon and 
La t ta , 1965; Sosa-Moss, 1982, 1985; Oever , 1982; Singh, 1981 
and Abergo, 1976) (Table 2 ) . 
Region II 
In the region II (South America) . Meloidogyne incognita . 
M. j avan ica , M. incognita a c r i t a , M. a r e n a r i a . M_. h a p l a , M. exigua . 
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M^ . decal inea ta and M_. naasi were found to be p resen t (Caban i l l a s , 1985). 
In C h i l e , M. incognita , M^ . j avan ica , M^ . a r e n a r i a , M^ . hapla and 
M^ . naas i were most p re -dominan t . Race 2 of M^ . incognita and 
Race 2 of M^ . a rena r i a were iden t i f i ed to be p resen t in t h e 
country (Gonzalez, 1982). Navarro (1982) r e p o r t e d the occurrence 
of M^ . incognita , M^ . j avan ica , M^ . a r e n a r i a , M^ . hap la and M. exigua 
from Colombia. He a lso recognized the Race 1, Race 2 and Race 4 
of M^ . incognita and Race 2 of M^ . a renar ia from economically 
important c r o p s . In Pe ru , Guerra (1982) r e p o r t e d the ex is tence 
of M_. incognita , U. j avan ica , M_. a renar ia and M_. h a p l a , t he 
f i r s t two being of major occur rence . All t h e four known races 
of M^ i incognita and Race 2 of M_. a renar ia were ident i f ied in 
the country (Guerra , 1982; J a t a l a , 1982). Cost i l la (1982) from 
Argentina r e p o r t e d about the d i s t r i b u t i o n of root -knot nematodes 
in di f ferent ecological a r eas e spec i a l l y those of the no r th -eas t e rn 
p a r t of the count ry . He found M^ . j avan ica , M^ . incognita , M^ . a r e n a r i a , 
M^ . hap la and M. decal ineata p resen t in the a r e a . M. javanica 
was predominant . Mixture of the two or the t h r e e spec ie s in 
t h e same area and even in the same plant were a lso found. 
M_. hap la and M^ . decal ineata were de tec ted only once in minor 
infes ta t ions of pota to and on bean . Race 1 and Race 2 of M. incognita 
were ident i f ied to e x i s t in the coun t ry . M^ . incognita Race 1, 
Race 2 and Race 4 were ident i f ied in Ecuador; Race 1 and Race 3 
in Uruguay; and Race 1 in Venezuela. Race 2 of M^ . a renar ia 
was r e p o r t e d from Uruguay (Taylor et^ al^., 1982; Rodriguez, 
1982; Caban i l l a s , 1985) (Table 3 ) . 
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Region III 
In region III ( B r a z i l ) , 12 spec ie s of root -knot nematodes 
were r e c o r d e d . M^ . incognita and M. javanica were recognized 
as most w idesp read and important ( F e r r a z , 1985). Boock (1951) 
r e p o r t e d the occurrence of M^ incognita on potato t u b e r s . M. j avan ica , 
M. h a p l a , and ^ . a rena r i a were f i r s t iden t i f ied by Carva lho (1954) 
on soybean r o o t s . Lordel lo (1956) d e s c r i b e d M. inornata from 
soybean v a r . Abura . Lordel lo and Zamith (1958) found M. exigua 
a t tacking coffee p lan t s in t h e s t a te of Sao Pau lo . Lordel lo and 
Zamith (1960) d e s c r i b e d \ 1 . coff e ico la , a new spec ie s t ha t was 
causing the dea th of coffee p lan ts in the s t a te of Pa rana . \ 1 . thamesi 
was found pa ras i t i z ing Artocarpus inc isa L. in Pernamuco. A new 
spec ie s M^ . l o rde l l o i was r e p o r t e d by Ponte (1969) as p a r a s i t e 
of a cac tus , Cereus macrogonus, in the s ta te of Ceara and another 
new spec ie s M. elegans was r e p o r t e d in 1977 (Ponte , 1977). 
All t h e four r aces of M^ . incognita and Race 2 of M^ . a renar ia a re 
known to e x i s t in the country (Table 4 ) . 
Region IV 
In the region IV (West Af r i ca ) , only s ix countr ies were 
ac t i ve ly involved in the Internat ional Meloidogyne P ro j ec t . Only 
t h r e e spec ie s of root -knot nematodes, M. incognita , M. j avan ica , 
M. a r ena r i a and one unidentif ied spec ie s in the o r d e r of abundance 
were r eco rded in Nigeria (Ogunfowora, 1981). M. incognita was 
more p reva len t in South Nigeria whi le M. javanica in Northern 
Nigeria (Caveness , 1978; Ogbuji and Dierua, 1978; Ogunfowora, 1978). 
Race 1 and Race 2 of M. incognita and Race 2 of M. a renar ia 
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were identified to be present in the country. Meloidogyne species 
was one of the most important parasi tes on upland rice in Nigeria 
as reported by Fortuner (1981). Hemeng (1981, 1982) found 
M. incognita occurring in Ghana and it accounted for about 79% 
of the country collections. It was found alone as well as in 
mixed population with M^ . javanica in the forest zone and in 
the Greater Accra zone (Hemeng and Hemeng, 1976). All the 
four races of M. incognita were identified to be present in the 
country. Merney (1976) reported the occurrence of M. incognita, 
M. javanica, M. arenaria and one unidentified species in Ivory 
Coast. Race 1 and Race 2 of M. incognita and Race 2 of M. arenaria 
are known to exist in the country (Fortuner, 1981). Nieuwenhuyzen 
(1976) found M. incognita (Race 2) and M. javanica in Liberia. 
In Senegambia three species v iz . M. incognita, M. javanica and 
M. arenaria are known to occur (Egunjobi, 1985). However, 
in Benin, root-knot nematodes are reported to occur but species 
are not designated (Zannou and Dodego, 1981) (Table 5) . 
Region V 
In the region V (East Africa), 10 species of Meloidogyne 
have been identified. Saka (1985) summarized the occurrence 
of Meloidogyne species in this region. Thomas and Taylor (1968) 
reported that in Eastern and Central Uganda M. incognita and 
M. incognita acrita were almost equally common. However, Bafokuzara 
(1981) reported that M. javanica was the copimonest species 
in Uganda. M. javanica was also common in Zimbabwe (Way, 1981). 
M. incognita acr i ta , M. arenaria and M. hapla were also reported 
to exist in the country (Martin, 1957). Out of the species recorded. 
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M^ . javanica was most common. Of the two races of M^ . incognita 
d i f fe ren t ia ted in the count ry , Race 3 was more p reva len t than 
Race 1 . M. hap la was a lso p resen t in the Vumba a rea of the 
Eastern h igh lands as well as Invanga, Zimbabwe (Richardson , 
1978). In Cen t ra l , Western and Southern Tanzania, M. javanica 
and M. incognita were recognized as widespread spec i e s but 
M. javanica was most predominant (Whitehead, 1969). Swai 
(1981) summarized t h a t seven spec ies of Meloidogyne v i z . , 
M. j avan ica , M. incognita , M. h a p l a , M. e th iop i ca , M. deca l inea ta , 
M. africana and M. k ikuyens i s occur in Tanzania. The f i r s t 
t h r e e spec ies were most economically impor tan t . In Malawi 
M^ . j avan ica , M^ . incognita , M. a r e n a r i a , M^ . incognita a c r i t a , 
and Kl. acronea were recognized (Mart in , 1960; Bridge et^ al^., 1976; 
Saka, 1981). M^ . incognita , M^ . javanica and M^ . k ikuyen i s have 
been r e p o r t e d from Kenya (De G r i s s e , 1960; Ngundo, 1976) (Table 6 ) . 
Region VI 
In the region VI (As ia ) , 13 countr ies have done cons iderab le 
s tud ies on survey and ident i f ica t ion of Meloidogyne spec ies 
and have found tha t the d i s t r i bu t i on of M. incognita , M. j avan ica , 
M. a renar ia and M. hap la i s qui te ex tens ive in the region (Davide , 
1985). E a r l i e r , Madamba (1976) had s t a ted tha t only a few 
s u r v e y s have been conducted to determine t h e occurrence of 
spec ie s of Meloidogyne in South East Asia . All t he four major 
spec ie s a re p resen t in South East Asia with the dominance of 
M^ . incognita . The ex tens ive survey c a r r i e d out in a l l agro-ecological 
zones of S r i Lanka have r evea l ed tha t in the country t h e r e 
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were s i x spec ie s of root -knot nematodes: M^ . incognita Race 1, 
Nd. j avan ica , M. a r e n a r i a , M^ . h a p l a , M. ac r i t a and M. b rev icauda 
(S ivapa lan , 1981). Four spec ie s of Meloidogyne v i z . , M. a renar ia 
(Race 2 ) , \ 1 . h a p l a , M^ . incognita (Race 1, Race 2) and M^ . javanica 
were ident i f ied in Korea by Choi (1981) . Occurrence of M. incognita 
Race 1, Race 3 , Race 4 and Kl. javanica was r epor t ed by Razak (1981) 
from Malaysia . Nishizawa (1981) and Inagaki (1981) de tec ted 
the occurrence of M. incognita Race 1, M. javanica and M^ . hap la 
in J a p a n . Davide (1981) confirmed the findings of Valdez (1968) 
and Cortato and Davide (1968) who had obse rved the presence 
of M^ . incognita (Race 1, 2 , 4 ) , M. j avan ica , M. a r e n a r i a , M. hapla 
and M^ . megatyla in P h i l i p p i n e s . 
Six spec ies of root -knot nematodes were found to be 
p re sen t in Tha i l and . M^ . incognita was dominant spec i e s as 
i t was found on var ious economically important c r o p s . M. 
j avan ica , M. a rena r i a were l e s s p r e v a l e n t . M^ . graminicola , 
M^ . exigua and M. naas i were a l so r eco rded but from specif ic 
a r e a s . Race 1 and Race 2 of M^ . incognita a re known to e x i s t 
in t h e country (Sont i ra t , 1981). The spec ie s and r aces of 
root -knot nematodes tha t have been r e p o r t e d in Taiwan include 
M. incognita Race 1, 2 and 3 ; M. j avan ica ; M. h a p l a ; M. a renar ia 
and ^ . incognita a c r i t a (Cheng and Tu, 1980; Wang, 1978; 
Yang et^ al^., 1977). M_. incognita , however , i s cons idered as 
most common spec ies (Tsa i , 1981). 
All the four major spec ies of root -knot nematodes were 
found in Pakis tan assoc ia ted with many different c rops of economic 
25 
impor tance . Race 1 of M^ . incognita has been ident i f ied to occur 
in the country (Maqbool and Saeed, 1981). M. javanica was 
recognized as the dominant spec ie s causing significant damage 
to vege tab les in Bangladesh and M^ . incognita Race 1, M. a renar ia 
and M. graminicola was a lso r e p o r t e d to occur in t h e country 
(Choudhury , 1981). Hogger (1981) r e p o r t e d the occurrence 
of M. incognita and U. j avanica from Nepal . U. incognita was 
most frequent spec i e s followed by M^ . javanica and M^ . a renar ia 
in Indones ia . Race 1 of M. incognita have been r epo r t ed to 
occur in the country (Widjaja, 1976, 1981). M. j avan ica , N4. incognita 
and M. graminicola were found to e x i s t in Burma (Myint, 1981). 
Taylor et_ al_. (1982) l i s t e d the occurrence of M. incognita Race 1, 
M. javanica and M. a renar ia Race 2 from Fi j i Is land (Table 7 ) . 
Region VII 
In the region VII (Mediterranean and Middle Eas t ) occurrence 
of spec ie s of Meloidogyne has been r e p o r t e d (Table 8 ) . Ibrahim 
(1985) summarized the occurence of root -knot nematodes in t h i s 
reg ion . Ibrahim et^ a]^. (1976), Oteifa (1964) and Tarjan (1964) 
r e p o r t e d the occurrence of root -knot nematodes (Meloidogyne 
spec i e s ) on many economically important p lan t s grown in Northern 
Egyp t . Ibrahim (1979) demonstra ted t h a t M. incogni ta , M. j avan ica , 
M. a r ena r i a and M. hap la were p re sen t in Northern Egyp t . 
Populat ions of M. incognita contained a l l the four r a c e s . Race 2 , 
however , dominated . Race 1 of M. a rena r i a was a lso i den t i f i ed . 
In genera l , M. incognita population comprised 46%, M. javanica 
30% and M. a rena r i a 241. Elgindi and Moussa (1979) s tud ied 
26 
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t he occurrence and d i s t r i bu t i on of Meloidogyne spec ies in Egypt . 
The pathogens were widesp read in many l o c a l i t i e s . Three spec ies 
and one sub - spec i e s were ident i f ied as M. a r e n a r i a , Kl. a renar ia 
t hames i , M^ . incognita and \ 1 . j avan ica . Abu Gharbieh (1979, 
1982) r e p o r t e d the occurrence of M. javanica and M^ . incognita 
Race 1 in J o r d a n . 
Abivard i (1978) recognized the ex is tence of M. j avan ica , 
M. incognita and M. hapla in 8 d i s t r i c t of Pa r s Province in 
I r an . M^ . javanica was d i s t r i b u t e d in a l l d i s t r i c t s whereas 
M. incognita was obse rved in Fosa , Kazerun, Neyriz and S h i r a z . 
M. hap la was found only in Abadeh d i s t r i c t . Race 1 of M. incognita 
(Mojtahadi , 1982) and Race 2 of M. a rena r i a (Ab iva rd i et^ a l . , 
1979) were ident i f ied to e x i s t in t h e coun t ry . Stephan (1979) 
r e p o r t e d the occurrence of M^ . incognita , M. javanica and M^ . a renar ia 
in I r a q . F ive spec i e s of root -knot nematodes , M^ . j avan ica , 
M. incognita , M. a r e n a r i a , M. africana and M^ . megadora were 
r e p o r t e d in Sudan (Yassin , 1978; Yassin and Zeidan, 1979,1982; 
Deckar et^ al^., 1980). From Yemen, Sikora (1978) r e p o r t e d the 
occurrence of M. incognita Race 1 and Race 3 and M^ . j avan ica . 
Root-knot nematodes were ser ious pes t s of c rops in Saudi Arab ia . 
Race 1 and Race 2 of M. incognita , M^ . javanica and M. a renar ia 
Race 2 have been ident i f ied in t h e country (Eissa et_ a l . , 1979). 
Agadr et^ al_. (1979), Jana t i et^ a]^. (1982) and Ibrahim (1985) 
r e p o r t e d the occurrence of M. j avan ica , M. incognita Race 1 ,2 ,4 , 
M. a rena r i a Race 1,2 and M. hapla in Morocco. 
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Khan and Dabaj (1980) r e p o r t e d t h e ex is tence of M. javanica 
and M. incognita assoc ia ted with vege tab le c rops grown in Tr ipo l i 
region of L i b y a . Dabaj and Khan (1981) ident i f ied M^ . javanica 
and M^ . incognita as the spec ie s infecting tomatoes and potatoes 
in t h e Western region of L i b y a . U_. javanica was found to be 
dominant . Race 1 and Race 2 were d i f fe ren t ia ted in M. incognita . 
S idd iqu i and Khan (1986) and Khan and Siddiqui (1986) r epo r t ed 
the occurrence of M^ . naasi and M^ . hap la in the count ry . In 
I t a l y , M^ . incognita , M. j avan ica , M^ . naas i , U^. a r ena r i a and 
M. hap la have been found a t tacking cu l t iva ted p lan t s (Di Vito, 
1979; Lamber t i , 1979; Di Vito and Greco, 1982). The l a t t e r 
t h r e e spec ie s were l e s s common and p resen t in l imi ted a reas 
(Lamber t i , 1979). Race 1 and Race 2 of M. incognita were recognized 
to e x i s t in the country (Taylor and Sasse r , 1978). 
In C y p r u s , M. javanica and M. incognita Race 1, 2 were 
i den t i f i ed . M^ . javanica was predominant ( P h i l i s , 1979). Yuksel (1979) 
r e p o r t e d the occurrence of M. incogni ta , M^ . j avan ica , M^ . incognita 
a c r i t a , M. a renar ia Race 2 , M. hapla and M. thames i in Tu rkey . 
In Greece , M^ . j avan ica , M. incognita Race 1 and M^ . a renar ia 
were col lec ted throughout the coas ta l region at e levat ion between 
200 m e t e r s ; M. hap la was found only in one location at an 
a l t i t ude above 450 meters (Py rowo lak i s , 1975). M. incognita , 
M. j avan ica , M^ . a r e n a r i a , M. t hames i , M. a c r i t a , M. a r t i e l l a , 
N4. exigua and M. hap la are the spec ie s of root -knot nematodes 
occuring in Greece (Koliopanos, 1979). Santos and Abrantes 
(1979) ind ica ted tha t in Por tuga l , M. incognita Race 2, Race 3 
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and Race 4, M^ . a rena r i a Race 2 , h4. javanica and M. hap la 
were p r e s e n t . Race 1 and Race 3 of M. incognita and M. javanica 
from Spain (Rodriguez et^ ail^., 1982); M. incognita Race 1 and 
M. javanica from Algeria and Syria (Lambert i et^ al^., 1975; 
I b r a h i m , 1985); and M^ . incognita and M. javanica from Tunisia 
(Moens and Alcha, 1982) have been r epo r t ed (Table 8 ) . 
Region VIII 
Region VIII which included India on ly , v e r y l i t t l e work 
was done in col laborat ion wi th the IMP. Information of the 
occurrence of spec ies of root -knot nematodes in the country 
a re s ca t t e r ed in l i t e r a t u r e . Eleven spec ies of Meloidogyne v i z . 
M. incognita , M. j avan ica , M. a r e n a r i a , M. h a p l a , M. graminicola , 
M. t hames i , M. ex igua , M. af r i c ana , M. b r e v i c a u d a , M. a c r i t a , 
M^ . lucknowica and one s u b - s p e c i e s M. incognita a c r i t a were 
on r eco rd to e x i s t in t h i s country t i l l 1984 (S i ta ramaiah , 1984). 
Since then one more s p e c i e s , M^ . graminis was r e p o r t e d on wheat 
by Nayak et^ al^. (1986) . On di f ferent ia t ion of r aces in M. incognita 
and in M. a r e n a r i a , ve ry l i t t l e and spo rad ic work has been 
done (Kr i shnappa , 1985). 
Out of 25 s t a t e s in Ind ia , occurrence of root -knot nematodes , 
Meloidogyne spec i e s has been r eco rded only from 18 s t a t e s 
and t h e i r r aces from 8 s t a tes (Table 9 ) . In the s t a te of Andhra 
P r a d e s h , Singh et^ al^. (1979) found in a survey tha t root -knot 
nematode was widely d i s t r i b u t e d on c i t ru s r o o t s , however , 
spec ies was not ident i f ied by them. Sr inivasan and D'Souza (1965) 
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iden t i f ied M^ . exigua and Krishnappa (1982) de tec ted M. incognita 
Race 1 from the s t a t e . Mishra and J a y p r a k a s h (1980) ident i f ied 
M. incognita on potato in I tanagar of Arunachal P r a d e s h . M. graminicola 
was r e p o r t e d on r i c e from Assam (Roy, 1973). Frequency of 
M^ . incognita was high in two jute growing d i s t r i c t s of Assam 
(Bora and Phukan , 1986). Nirula and Kumar (1964, 1966) ident i f ied 
M .^ incognita and M. javanica infecting var ious k inds of p lan t s 
from Patna (Bihar ) and Simla (Himachal P r a d e s h ) . M. incognita 
was r e p o r t e d from the s ta te of Bihar (Sinha et^ al_., 1977; Nath 
et^ a]^., 1976). Lai and Das (1957, 1959) ident i f ied M. a renar ia 
and M. ac r i t a from the s t a t e . Haider et^ al^. (1988) iden t i f i ed 
two races (Race 1 and Race 2) from t h e s ta te of B i h a r . Swarup 
(1962) r e p o r t e d the occurrence of M. incogni ta , M. javanica 
and M_. incognita ac r i t a in De lh i . Sethi et^ al^. (1964) a lso r e p o r t e d 
the occurrence of M. javanica around Delh i . M^ . thamesi was 
r eco rded for the f i r s t t ime from India on Erag ros t i s p i losa 
(Sethi et^ al_., 1964). Occurrence of M. africana was r epo r t ed 
by Chitwood and Toung (1960) in De lh i . M. incognita was qui te 
common in Anand a rea of Gujarat s t a te (Shah and P a t e l , 1979; 
Pa te l et^ al_., 1982). Bhat t i et^ al_. (1974) r e p o r t e d few add i t iona l 
hos t s of M. javanica from the s ta te of Haryana. A few more 
host p lan t s of M. javanica and M^ . incognita from Haryana were 
l a t e r added by Bhat t i and Dahiya (1977) . Raja and Gill (1982) 
iden t i f ied the Race 1 and Race 2 of M. incognita from five 
populat ions of di f ferent l o c a l i t i e s . Occurrence of M. incognita 
and Kl. javanica was r e p o r t e d from Himachal P r a d e s h by 
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Bharadwaj et^ ai. (1972) . Chandel and Kashyap (1986) found 
t h a t Meloidogyne spec ie s showed h ighes t frequency in the s t a t e . 
M. hap la was r e p o r t e d from the s ta te by Kaur and Sharma (1986) . 
Krishnappa (1982) and Krishnappa and Setty (1983) 
found the ex i s tence of M. incognita in Karnataka. They a l so 
de tec ted Races 1, 2 and 3 ex is t ing in the s t a t e . Singh and 
Kr i shnaprasad (1986) r e p o r t e d Nd. incognita on potato from the 
s t a t e . Waliullah and Kaul (1986) found nu r se r i e s of s t r a w b e r r i e s 
infected with Meloidogyne spec ies in Shalimar campus of Kashmir . 
The occurrence of Meloidogyne from Kerala was f i r s t r epo r t ed 
by Ayyar (1926) . M^ . incognita was found a major nematode 
spec ies d i s t r i b u t e d in the s t a t e on many c rops (Nadakal and 
Thomas, 1964; Raveendran and Nadakal , 1975; Ramana and Mohandas, 
1987). Occurrence of M. javanica was r e p o r t e d by Nair et^ al^. (1969) 
from t h e s t a t e . Krishnappa (1982) de tec ted M. incognita Race 1 
on groundnut from Madhya P r a d e s h . Shukla et^ al^. (1981) r epo r t ed 
M. incognita on ornamental p lan t s at Nagpur in Maharas t r a . 
Occurrence of M. graminicola was r e p o r t e d on r i c e from Orissa 
(Rao et_ al^., 1971). Routray and Das (1982) found the ex is tence 
of Race 1 and Race 2 of M^ . incognita in and around Bhubaneswar, 
Or i s s a . Ray and Das (1985) r e p o r t e d M. incognita on medicinal 
p lan ts from the s t a t e , whi le Nayak et^ a]^. (1986) r eco rded the 
occurrence of M. graminis on wheat for the f i r s t t ime in Ind ia . 
Kl. incognita and M. javanica were found associa ted with many 
k inds of plant in Rajasthan (Mathur et_ al^., 1969; Handa et^ a]^., 
1971; Soni and Nama, 1982; T r i v e d i et^ j d . , 1986; S idd iqu i et^ ad . , 
1986). P a r i h a r and Yadav (1986) col lec ted four populat ions 
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of M. incognita from J a i p u r , J o d h p u r , Sriganganagar and Udaipur 
of Rajas than . They t e s t ed on hos t d i f fe ren t ia l t e s t p lan ts and 
suggested the presence of r a c e s in the popula t ions . But r aces 
w e r e , however , not des ignated by them. M. incognita Race 1, 
M_. j avan ica , M. a r e n a r i a , M. b rev icauda and M. hap la have 
been r eco rded in Tamil Nadu (Krishnamurthy and E l i a s , 1967,1968; 
Swami and Govindu, 1966; Seshad r i and Kumaraswami, 1963; 
Jayaraman et a l . , 1975; Kr i shnappa , 1982; Sivagamy and Rajendran, 1987). 
In the s t a te of Uttar P r a d e s h , in o r d e r of occurrence 
of s p e c i e s of root -knot nematodes , M. incognita , M. javanica 
and ^ . a rena r i a were r e p o r t e d on s e v e r a l hos t p lan t s (Verma 
and Singh, 1983; Si taramaiah and Vishwakarma, 1978; Mathur 
and Va rap ra sad , 1978; Khan et^ al^., 1984; Khan and Khan, 1985; 
Haider and Khan, 1986; P r a k a s h , 1983; Verma, 1987; Khan et^ al^., 1987). 
M. lucknowica was r e p o r t e d by Singh (1969) from the s t a t e . 
Khan et^ al^. (1988) ident i f ied a l l t he four r ace s of M. incognita 
from the s ta te and Race 4 was r e p o r t e d for the f i r s t t ime in 
Ind ia . The root -knot nematodes , M. incognita , M. j avan ica , 
M. a r e n a r i a , M^ . graminicola , M. hap la and M. ac r i t a have been 
r e p o r t e d from West Bengal (Sen and Dasgupta, 1975,1977; Pal and 
J a y a p r a k a s h , 1983; Singh and Khera , 1984; Dutt and Panda, 
1968; Dutt and Saha, 1973; Samad, 1960). 
Dis t r ibut ion of different spec i e s of root -knot nematodes 
and t h e i r r aces occurring in different s t a t e s of India a re summarised 
in Table 9. 
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Since the establishment of a pioneer and active centre 
of research in Plant Nematology in 1962 at the Aligarh Muslim 
University, Aligarh, located in the Western part of Uttar Pradesh, 
substantial work has been done on various aspects of root-knot 
nematode problems of vegetables. A perusal of l i terature on 
researches emanating from Aligarh, however, gives an impression 
that M. incognita is the only species causing the disease on 
crops in and around Aligarh as well as in the areas covered 
during al l these years . Apparently, no attempt was made to 
ascertain the identity of species of Meloidogyne existing in 
and around Aligarh on vegetables in cultivated f ie lds . Recognition 
of M. incognita perhaps observed preliminarily as the causal 
organism of root-knot disease on certain crops seemingly became 
a traditional causal organism in subsequent studies on root-knot 
problem. Recent studies of Khan et^  al^. (1984), Khan and Khan (1985) 
and Haider and Khan (1986), however, recognized the existence 
of M^ . incognita, M^ . javanica and M. arenaria. Occurrence of 
these species is expected in the area in view of their ecological 
requirements. More recently Khan (1988) identified all the four 
major species of Meloidogyne infecting vegetable crops in 8 
d is t r ic ts of Western Uttar Pradesh. He also identified all the 
four known races of M. incognita and Race 2 of M^ . arenaria 
on vegetable crops in the dis t r ic ts of the region. 
In view of greater recognition of the importance of 
root-knot nematodes than earl ier through the studies of IMP 
40 
and lack of perusance of studies in relation to the incidence 
and intensity of the disease, identity of species and their 
races , their pattern of distribution and their relative dominance 
in various states or agroclimatic zones of India, these aspects 
have been studied in eleven dis t r ic ts of the state of Uttar Pradesh, 
selecting vegetables as host crops because they are commonly 
grown in the area and are most congenial host crops for root-knot 
nematodes. 
MATERIALS AND METHODS 
Study area : 
Of the 61 dis t r ic ts of the state of Uttar Pradesh, eleven 
d is t r ic t s (9 of Western Upper Gangetic Plain and 2 of Northern Hilly 
regions) located in the Western region of the state of Uttar Pradesh 
constituted the study area in the present investigations for assessing 
the incidence and intensity of root-knot disease on vegetables, ascertaining 
the identity of species and races of root-knot nematodes and their 
pattern of distr ibution. The dis t r ic ts included were Agra, Aligarh, 
Bareilly, Bijnor, Budaun, Dehradun, Etah, Mathura, Moradabad, 
Pauri Garhwal and Rampur. The study area covered about 49086 Km^  
out of 294,364 Km^ (16.68%) of Uttar Pradesh and 1.50% of India. 
Some informations with regard to meteorological conditions and topography 
of the d is t r ic t s in the study area are given in Table 10. 
Of the 25 states of India, Uttar Pradesh is the most populous 
(population 11,08,85,874) covering an area of 294,364 Km^  being 
fourth largest in terms of area in the country. It is a land locked 
state , situated between 25°18' and 31°18' North, 77°10' and 89°39' East. 
(Fig. 1). Agriculture in this region was started by the Aryans after their 
expansion, between 1200-800 BC, on the length of r iver Ganga and 
Yamuna. The Ganga-Yamuna plain is supposed to be one of the most 
fertile areas since the Aryan civilization. The land in the area 
is highly suitable for agriculture because i t is built up of alluvial 
soil , t raversed by a number of r ivers and weather conditions are 
moderate. Wheat, bar ley, r i ce , maize, millets , gram, pea, cotton. 
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linseed, groundnut, sugarcane, sesamum, rapeseed, mustard, tobacco 
and vegetables are main crops . Forests cover 17.23% of the area 
of the state (Khan, 1969). 
Vegetables are important group of cultivated crops mainly-
grown nearby the villages or around the c i ty . Tomato, eggplant, 
pepper, potato, okra, cabbage, cauliflower, cucumber, pumpkins, 
bottle-gourd, sponge-gourd, r ad i sh , beans, spinach, carrot , onions 
e tc . are major vegetable crops grown in the s ta te . 
The different materials used and methods employed to investigate 
the proposed aspects are generalized below : 
Survey and collection : 
Surveys were conducted in localities of extensive vegetable 
cultivation in nine d is t r ic ts of Western Upper Gangetic Plain (Agra, 
Aligarh, Bareilly, Bijnor, Budaun, Etah, Mathura, Moradabad and 
Rampur) and two dis t r ic ts of Northern Hilly Region (Dehradun and 
Pauri Garhwal) of Uttar Pradesh State in India (Fig. 2) to assess 
the incidence and intensity of root-knot disease of vegetable crops, 
to establish the identity of species and races of root-knot nematodes, 
and to understand their pattern of distr ibution. The following five 
important vegetables were included in the survey which are commonly 
grown in the area. 
1. Eggplant (Solanum melongena L.) 
2. Tomato (Lycopersicon esculentum Mill.) • 
3 . Pepper (Capsicum annuum L.) 
45 
4. Okra (Abelmoschus esculentus (L.) Moen.) 
5. Cucumber (Cucumis sativus L.) 
Surveys were conducted in both the seasons of vegetable 
cultivation (summer and winter) from 1985 to 1988. In the d is t r ic ts 
of Western Upper Gangetic Plains, mostly outdoor f iel4s of farmers 
were included. However, in some localities of Northern Hilly Region 
d i s t r i c t s , vegetables grown in kitchen gardens were also observed. 
Five to ten root samples of the above mentioned vegetable crops 
were collected at random from each of the available cultivation 
units in the locality under survey in polythene bags. Samples were 
properly labelled and slightly moistened when necessary and brought 
to laboratory for further examination. Root samples were thoroughly 
washed under tap water and were examined for the presence of 
gal ls . Number of galls per root system was counted. Roots were 
immersed in an aqueous solution of Phloxin B (0.15 g / l i t . tap water) 
for 15 minutes to stain the eggmasses. Eggmasses per root system 
were then also counted. 
Disease intensity. Gall index and Eggmass index: 
For measuring the intensity of the disease, gall index (GI) 
and eggmass index (EMI) rating were done according to the Taylor 
and Sasser 's scale (Taylor and Sasser, 1978). 
£ = 0; _!_ = 1-2; 2^  = 3-10; 3^  = 11-30; ^ = 31-100 and 5^  = more 
than 100 galls or eggmasses per root system. 
46 
Based on range gall index (GI) and eggmass index (EMI) 
disease intensity grades were made as follows : 
0 = disease free; _1. ~ very mild; 2_ = mild; 3^  = moderate; 
£ = severe; S_ - very severe. 
Disease incidence : 
To assess the incidence of the root-knot disease in different 
localities of the district under survey on included vegetables, frequency 
of occurrence of the disease was calculated in two ways : 
a. On the basis of infestation of cultivation units in the 
locality. 
b. On the basis of infected root samples collected from a 
locality. 
The frequency of occurrence (%) of the disease in a locality 
was calculated by the following formula : 
Number of cultivation units from a 
P ,a\ _ locality in which infection occurred. ,^„ 
" ^ Total number of cultivation units 
from the locality surveyed. 
The frequency of occurrence (%) of the disease on the basis 
of infected root samples was calculated as follows : 
Number of infected root samples 
c i<i.\ - collected from a locality. ,„„ Frequency (%) = „ , , r •? r ^—, x 100 
^ •' Total number of root samples 
collected from the locality. 
Similarly frequency of occurrence (%) of the disease on different 
vegetables in a district was calculated in both ways : 
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a. On the basis of infested cultivation units of a vegetable 
crop in the d i s t r i c t . 
b . On the basis of infected root samples of vegetable crop collected 
from the d i s t r ic t . 
Frequency of occurrence (%) of the disease on different vegetable 
crops on the basis of infested cultivation units was calculated as 
follows : 
Number of cultivation units of the 
vegetable crop in the dis t r ic t in 
/o . which infection occurred. , . . 
Frequency (%) = Total number of cultivation units ^ ^°° 
of the vegetable crop surveyed in 
the d i s t r i c t . 
Frequency of occurrence (%) of the disease on different vegetable 
crops on the basis of infected root samples was calculated as follows: 
Number of infected root samples of a 
_ a^:^  - vegetable collected from the d i s t r i c t . , 
frequency K^) ^^^^^ number of root samples of the "^ ^ 
vegetable collected from the d i s t r ic t . 
Preliminary identification of species : 
Root samples collected during the surveys were processed 
for preliminary identification of species of root-knot nematodes. 
Ten to twenty perineal patterns were prepared from each of the 
root samples and their characterist ics were microscopically examined 
for identification of the species (Eisenback et^  a l . , 1981). Root-knot 
nematodes from infected samples were maintained under glasshouse 
conditions. 
Maintenance of root-knot nematodes under controlled conditions : 
Root samples infected with root-knot nematodes were maintained 
on gusceptible cultivars of eggplant cv. Pusa Kranti in summer and 
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tomato cv. Pusa Ruby in winter (both cultivars were found most 
suitable hosts for maintenance of Meloidogyne spp . ) in glasshouse 
by inoculating the seedlings grown in pots containing autoclaved 
soi l , with chopped infected roots or eggmasses, collected from the 
f ie lds . The inocula were further cultured in pure form. 
Pure culturing : 
In order to make pure culture of the field populations directly 
or maintained in glasshouse, single eggmass inoculations were made. 
Single mature eggmass was inoculated in pots around the roots of 
the susceptible host for each collection separately. If more than 
one species were found on same root sample, single eggmass for 
each of the species was collected and inoculated separately and 
females producing the same eggmasses were dissected out and identified. 
Sub-culturing was done after two months by inoculating new plants 
with atleast 15 eggmasses, each obtained from the pure culture in 
order to maintain sufficient inoculum for further s tudies. 
Preparation of inoculum : 
For differentiating the species and races by differential 
host test and for other experiments inoculation was made in the 
form of second stage juveniles (Jo)* Second stage juveniles were 
obtained by incubating eggmasses at 25°C collected from plant roots 
maintained in pure population in dist i l led water. After 72 hours 
of incubation, number of hatched juveniles (J_)/ml was standardized 
by counting ten 1 ml samples and the average number was used 
to represent the number of J - /ml . 
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Identification of species and races of root-knot nematodes : 
Perineal pattern method and differential host test were employed 
for the identification of species and races of root-knot nematodes. 
Emphasis was given on the following species of Meloidogyne : 
1. Meloidogyne incognita 
2. Meloidogyne javanica 
3. Meloidogyne arenaria 
4. Meloidogyne hapla 
a. Perineal pattern method : To identify the species of Meloidogyne 
maintained in glasshouse, mature females were dissected out from 
large galls on the roots of susceptible host . Perineal patterns were 
prepared and viewed microscopically to identify the species (Eisenback 
et^a]^., 1981). 
b. Differential &ost test : North Carolina differential host test (Taylor 
and Sasser, 1978) were conducted to identify the species and races of 
Meloidogyne collected during the surveys and maintained in the glasshouse. 
Seedlings of tomato cv . Rutgers, cotton cv. Deltapine 16, tobacco cv. 
NC 95, pepper cv . California Wonder, peanut cv. Florunner and 
watermelon cv. Charleston Grey were grown in 15 cm clay pots filled 
with steri l ized sandy loam soil with three replications. Two additional 
replicates of tomato were included to determine the time of termination 
of the tes t . Plants were inoculated at the rate of 5,000 freshly hatched 
second stage juveniles (J2) per pot. Juveniles were pipetted into 
4-5 holes made in the soil around each seedling. Pots were placed 
on benches in the glasshouse at temperature 25±2°C. Sixty days after 
inoculation, experiment was terminated, the plants were uprooted 
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and washed thoroughly with tap water and examined for the presence 
of galls and eggmasses. Roots with very light infection were stained 
with Phloxin B to determine the number of eggmasses. Galls and 
eggmasses were counted and rated according to scales mentioned under 
survey. 
After rating the root system, results were compared with 
the differential host test reaction chart (Table 11) (Taylor and Sasser, 
1978). This distinguished the four species of Meloidogyne v iz . M. incognita, 
M. javanica, M^ . arenaria and M. hapla. The identification of species 
done on the basis of differential host test were compared with identifica-
tions made earl ier by perineal pattern method for confirmation of 
their identi ty. The race differentiation was based on the results 
of differential host test and i ts comparison with differntial host 
test reaction chart (Table 11). 
Frequency of species : 
After identification of the species present in the samples, 
frequency of different species of Meloidogyne in single populations 
as well as mixed populations of different species combination occurring 
in a locality was calculated as follows : 
For single species population : 
Number of infected root samples with 
Frequency (%) = single species populations in a locality. 
' Total number of infected root samples 
collected from the locali ty. 
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For mixed species populations of different species combination: 
Number of infected root samples with 
mixed species population of a species 
Frequency ( | ) = combination in a locali ty. ^ ^^^ 
Total number of infected root samples 
collected from the locali ty. 
For comparative assessment of dominance of a species in 
different localities in a d is t r ic t either in single or mixed populations, 
frequency of diffe^-ent species in single as well as mixed populations 
of different species combinations among different localities of the 
dis t r ic t were calculated as follows : 
For single species population : 
Number of infected root samples with 
Frequency (%) = signle species in a locality of d i s t r i c t . ^ ^^^ 
^ ^ ^°' Total number of infected root samples 
with single species collected from all 
the localities of a d i s t r i c t . 
For mixed species populations of different species combinations: 
Number of infected root samples with mixed 
species population of a species combination 
Frequency (%) = in a locality of the d i s t r i c t . ^^^^ 
Total number of infected root samples with 
mixed species population of a species 
combination collected from all the 
localities of a d i s t r i c t . 
Thenafter frequency of occurrence of different species of 
Meloidogyne recorded in different localities of the d is t r ic t based 
on total root samples regardless of single or mixed species populations, 
was calculated as follows : 
Number of root samples infected with 
Frequency (%) = the species . ^ ^^^ 
Total number of infected root samples. 
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Similarly frequency of occurrence of a recorded species of 
Meloidogyne among different localities of the dis t r ic t irrespective 
of single or mixed species populations was calculated as follows : 
Number of root samples infected with 
the species in a locality of the 
c. ,a^ d i s t r i c t . ,„„ 
Frequency (%) = ^ . , r 7 : ^ r-7—7—7- x 100 
•' Total number of root samples infected 
with the species collected from all 
the localities of the d i s t r i c t . 
Frequency of races: 
Frequency of occurrence of different races of M^ . incognita 
and ^1. arenaria identified in different localities of the dis t r ic t 
based on total infected root samples of the respective species, 
was calculated as follows: 
Number of root samples infected with 
„ (%:\ = the race of the species in a locali ty. , 
" ^ Total number of infected root samples 
with the species in the locality. 
, ^ .00 pl< 
Frequency of occurrence of an identified race of M. incognita and 
M. arenaria among different localities of the d is t r ic t was calculated 
as follows : 
Number of root samples infected with the 
race of the species in a locality of the 
Frequency (%) = xotal number of infected root samples "" ^^° 
with the species collected from all the 
localities of the d i s t r i c t . 
Overall assessment: 
For overall assessment of the incidence of the root-knot 
disease in the area under survey (study area) on included vegetables, 
frequency of occurrence of the disease in different d is t r ic ts was 
calculated accordingly. 
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On the basis of infestation of cultivation units in the dis t r ic t 
and on the basis of infected root samples collected from a dis t r ic t 
(Table 67). 
Similarly, frequency of occurrence of the disease on different 
vegetables in the area was calculated on the basis of infested cultivation 
units of a vegetable crop in the area. Based on root samples, frequency 
of occurrence of the disease on different vegetables in the whole 
area was also calculated (Table 68). 
Intensity of the disease in different d is t r ic t s and on different 
vegetables was assessed based on range and mean GI/EMI (Tables 67,68). 
Frequency of Species : 
Frequency of the species of Meloidogyne in single and mixed 
populations (with different combinations) was also calculated for 
each d i s t r i c t . Thenafter, frequency of occurrence of the species 
in each d is t r ic t was calculated based on total infected root samples 
(Tables 69,70,71). Frequency of occurrence of a species among dis t r ic t s 
ei ther in single or mixed populations as well as frequency of occurrence 
of a species among the dis t r ic ts based on total infected root samples 
were also calculated (Tables 69,70,71). 
Frequency of races : 
Frequency of occurrence of races of M^ . incognita and M_. arenaria 
was also calculated for different d is t r ic ts and of a race among the 
d is t r ic ts of the area to assess their comparative dominance (Table 72). 
RESULTS 
The study area included eleven districts of the Western region of 
the state of Uttar Pradesh (Fig. 2). Surveys were conducted in different 
localities of the districts to assess the incidence and intensity 
of root-knot disease on vegetable crops, to identify the species 
and races of Meloidogyne and to understand their pattern of distribution 
in the area. 
The details of incidence and intensity of root-knot disease 
in each locality of the district and on each vegetable crop; identity 
of species and races; frequency of occurrence of species in single 
and mixed population and frequency based on total infected root samples 
in different localities of the districts surveyed; and frequency 
of races of M. incognita and M. arenaria in different localities 
of each district are given below : 
1. AGRA 
i . Incidence and intensity of the disease. 
a. Vegetable fields: Six localities of the dis t r ic t v iz . Agra city 
area, Firozabad, Tundla, Shamshabad, Fatehpur Sikri and Runakata 
were surveyed (Fig. 3 ) . Since no extensive vegetable cultivation 
was found in Runakata and Fatehpur Sikr i , no root samples were 
collected from these locali t ies . The incidence of root-knot disease 
in vegetable-fields was highest in Tundla (75%) followed by Agra 
city area (61.11%). In Firozaabad, it was 58.33%. In Shamshabad, 
fields were apparently free from infestation as no sample contained 
root-knot nematode infection (Table 12, Fig .4) . 
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UTTAR PRADESH 
OEHRADUN 
PAURt GARHWAL 
AGRA 
Kms. 
FIG. 2: DISTRICTS OF UTTAR PRADESH INCLUDED IN THE SURVEY 
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The incidence of the disease on root sample basis was also 
highest in Tundla (81.43%) followed by Agra city area (65.52%). 
Root samples from Firozabad showed 65.62% infection (Table 12, 
Fig. 4 ) . 
The disease intensity showed a great variation among the 
locali t ies . Averaged over all localities of the d i s t r i c t , mean GI 
ranged from 3.0-4.1 and mean EMI from 3.6-4.6. In the localities 
of the dis t r ic t GI and EMI ranged from 2-5. Highest intensity, based 
on GI and EMI, was observed in Firozabad followed by Agra city 
area. The intensity was moderate to very severe in Firozabad. 
In Agra city area, based on GI, the intensity was moderate to 
very severe. But on the basis of EMI, it was mild to very severe . 
In Tundla, the intensity ranged between mild to severe on the 
basis of GI and mild to very severe on the basis of EMI (Table 12). 
b. Vegetable crops: Among the vegetables included in the survey, 
the incidence was highest in eggplant fields (68.75%) followed 
by pepper (53.85%), tomato (53.33%) and okra (33.33%) fields 
in this order (Table 13, Fig. 5 ) . On the basis of root samples, 
frequency of occurrence of the disease was highest on tomato 
(75%) followed by eggplant (67.39%). In pepper and okra root 
samples, frequency was 56% and 25% respectively (Table 13, Fig. 5 ) . 
The disease intensity on different vegetables also showed 
variations. Highest intensity based on mean GI and EMI was found 
on eggplant. The intensity range was, however, mild to very 
severe. The disease intensity on tomato and okra was almost 
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equal but less than eggplant. The intensity range on the basis of 
GI and EMI was mild to very severe . On pepper lowest intensity 
was recorded in comparison to other three vegetables in the d i s t r i c t . 
The intensity range was mild to moderate (Table 13). 
i i . Identity and frequency of root-knot nematodes in the localities. 
a. Identity of the species: Two species of Meloidogyne v iz . 
M. incognita and M. javanica were found to be present in the 
dis t r ic t (Fig. 3 ) . The species were present in single as well as 
in mixed poulations in all the localities (Table 14). 
b . Frequency of species in single and mixed populations: In single 
populations, frequency of M. javanica was higher than M. incognita 
in all the three localities of their encounterance (Table 14, Fig. 6 ) . 
Among the local i t ies , frequency of M^ . incognita was greater in Agra 
city area than in Firozabad and Tundla. Frequency of M. javanica 
was, however, slightly greater in Tundla than Agra city area and 
Firozabad (Table 14). 
The frequency of mixed populations of both the species was 
lower than single population of M^ . incognita or M^ . javanica in all 
the localities except Tundla where frequency of single population 
of M^ . incognita was less (Table 14, Fig. 6 ) . Among the local i t ies , 
frequency of mixed population was higher in Tundla than in Agra 
city area and Firozabad (Table 14). 
c. Frequency of species in total infected samples: In total infected 
samples, i r respect ive of single or mixed populations, frequency 
of M^ . javanica was greater than M^ . incognita in all the localities 
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(Table 15, Fig. 6 ) . Among the localities on the basis of total 
infected samples, frequency of M. incognita was highest in Agra 
city area followed by Tundla and Firozabad while frequency of M. javanica 
was highest in Tundla followed by Agra city area and Firozabad 
(Table 15). 
i i i . Identity and frequency of races. 
All the four races v i z . , Race 1, Race 2, Race 3 and Race 4 
were found in M^ . incognita populations of the d is t r ic t (Fig. 3 ) . Race 3 
in Agra city area and Race 4 in Firozabad were not present . Frequency 
of Race 2 was greater than races in all the localities except Firozabad 
where Race 1 was more frequent. In Tundla where all the four 
races were encountered, frequency of Race 2 was greater than other 
races . Race 3 was least frequent. In Agra city area Race 2 was 
more frequent than Race 1 and Race 4 which were equally frequent. 
In Firozabad Race 1 showed greater frequency than Race 2 and Race 3 
(Table 16, Fig. 7 ) . 
Among the localities Race 1 was more frequent in Agra city 
area followed by Firozabad and Tundla. Frequency of Race 2 was 
also highest in Agra city area followed by Tundla and Firozabad. 
Among the two localities where Race 3 was encountered, i t s frequency 
was greater in Tundla than in Firozabad. Race 4, encountered in 
two locali t ies , was more frequent in Agra city area than in Tundla 
(Table 16). 
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2 . ALIGARH 
i . Incidence and intensity of the d i sease . 
a. Vegetable f i e lds : In Aligarh d i s t r i c t , f ive l oca l i t i e s v i z . , Aligarh 
c i ty a r e a , A t rau l i , Ha th ra s , Kasimpur and Sikandrarau (F ig . 8) were 
s u r v e y e d . For ty to e ighty p e r cent vege tab les f i e lds were infested 
with root-knot nematodes in the l o c a l i t i e s . The d i sease incidence 
was h ighes t (80%) in Aligarh c i ty a r e a . In Ha th ra s , A t rau l i , S ikandrarau 
and Kasimpur t h e d i sease incidence was 66.67%, 62.50%, 55.56% 
and 40% r e s p e c t i v e l y (Table 17, F i g . 9 ) . 
The frequency of occurrence of the d i s ea se on root sample 
b a s i s was h ighes t in Aligarh c i ty a rea (73.36%) and lowest in Kasimpur 
(23.08%). In o the r t h r e e l o c a l i t i e s , i t was 60%, 55.38% and 37.65% 
in At rau l i , Hathras and Sikandrarau r e s p e c t i v e l y (Table 17, F i g . 9 ) . 
In the l oca l i t i e s of the d i s t r i c t , mean GI was from 3.1 to 
4.1 and mean EMI from 2.8 to 3 . 6 . Higher GI va lues were r eco rded 
in Ha th ra s . On the bas i s of GI ( r a n g e ) , t he d i s ea se in tens i ty was 
mild to s eve re in Kasimpur and S ikandra rau ; mild to ve ry seve re 
in Atraul i and Aligarh c i ty a r e a ; and moderate to ve ry seve re in 
Ha th ras . Based on EMI ( r a n g e ) , d i s ease in tens i ty was ve ry mild 
to seve re in Atraul i and S ikandra rau ; mild to s eve re in Kasimpur 
and Hathras ; and mild to ve ry s eve re in Aligarh c i ty a r e a . Highest 
in tensi ty based on EMI was obse rved in Aligarh c i ty a r ea (Table 1 7 ) . 
b . Vegetable crops: The incidence of the d i s ea se was h ighes t in 
eggplant f i e lds (73.68%) closely followed by okra f i e lds (70%). In 
tomato and p e p p e r f i e l d s , the incidence was 60% and 63.64% r e s p e c t i v e l y . 
The incidence was lowest (50%) in cucumber f i e lds (Table 18, F i g . 10 ) . 
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The frequency of occurrence of the disease in root samples 
of the vegetables was highest for eggplant (61.93%) followed by 
pepper (59.32%). Frequency of occurrence was almost equal on okra 
(55.24%) and cucumber (64.29%). The incidence was comparatively 
low (47.62%) on tomato (Table 18, Fig. 10). 
Highest intensity of the disease was found on eggplant followed 
by pepper and okra, on the basis of mean GI and EMI. Mean GI 
was, however, equal on all these three crops . The intensity was 
mild to very severe on eggplant and okra; mild to severe on tomato 
and cucumber; and moderate to very severe on pepper when GI (range) 
was accounted. On EMI (range) basis intensity was mild to very 
severe on eggplant, very mild to moderate on tomato, mild to severe 
on pepper and okra, and very mild to severe on cucumber (Table 18). 
i i . Identity and frequency, of root-knot nematodes in the localities. 
a. Identity of the species: Three species of Meloidogyne, M. incognita, 
M^ . javanica and M. arenaria were identified to be present in the 
dis t r ic t (Fig. 8 ) . Single population of all the three species and 
mixed population of M. incognita and M^ . javanica; M^ . incognita and 
U. arenaria or of all the three species were encountered, M. incognita 
and M. javanica were present ei ther singly or in mixed populations 
in all the local i t ies . M. arenaria was, however, found only in 
Aligarh city area, Atrauli and Sikandrarau in single population or 
mixed either with M. incognita or with M. javanica and M. incognita 
(Table 19). 
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b. Frequency of species in single and mixed populations: In single 
population, frequency of M. javanica was higher than M^ . incognita 
in Aligarh city area, Hathras and Sikandrarau. M. incognita in 
Atrauli and N4. javanica in Kasimpur were not encountered in single 
population. Single population of M. arenaria with very low frequency 
was found in Aligarh city area (Table 19, Fig. 11). Among the 
locali t ies , both M. incognita and M. javanica were more frequent 
in Aligarh city area than in other local i t ies . M^ . arenaria was encountered 
only in Aligarh city area. Consequently i ts frequency was 100% 
(Table 19). 
The frequency of mixed population of M. incognita and M. 
javanica was greater in all the localities than mixed population 
of M. incognita and M. arenaria or M. incognita, M. javanica and 
M. arenaria (Table 19, Fig. 11). Frequency of M. incognita and 
M. javanica combination was highest in Aligarh city area among 
the local i t ies . Frequency of M. incognita and M. arenaria combination 
was greater in Aligarh city area than Atrauli. Frequency of mixed 
population of all the three species was much greater in Aligarh 
city area than Sikandrarau (Table 19). 
c. Frequency of the species in total infected samples: In total 
infected samples of different localities of Aligarh d i s t r i c t , frequency 
of M. javanica was greater than other two species in all the localities 
except in Kasimpur where M. incognita was more frequent. Frequency 
of M. arenaria was low in all the three localities where it was 
observed (Table 20, Fig. 11). 
75 
^;f 
I 
<iP\ 
CO 
• H 
u 
0) 
0. 
U 
c 
CT 
0) 
U 
U4 
in 00 
c 
o 
2 + 
2 
+ 
'I • 
c 
o 
3 
I 
00 "^ 
l-H ^ 
O^ 
r-H ^ 
>£) 
lf> 
(M 
0^2 
c 
• H 
i n 
o 
o 
00 
• 
o 
o 
t-H 
'S' 
l - H 
i n 
* 
* 
o 
i n 
• 
v O 
P O 
^ 
• l - H 
00 
vO i n 00 
ro 
o f^  
2 ^ 
I 
I i 
o 
o 
u 
o 
z 
0 0 
o 
CO 
00 
o o 
00 
o 
,2 
3 
1^2 
0) 
l-H 
bc 
c ., 
•H ^ 
w -
>^  
•t-> 
•H 
I—I 
(0 
o 
o 
o 
CO 
in 
in 
o 
m 
00 
n) 
<U 
bO >N 
'Si -^ 
< O 
3 
n) 
to 
m 
a 
(M 
3 
a, 
B 
•H 
(0 
3 
U 
T) 
C 
m 
•H 
CO 
c 
• H 
CO 
u 
a 
CO 
4) 
J3 
OP 
(fl 
u 
o 
l-H 
a; 
B 
d 
CO 
•t-> 
c 
• H 
CO 
0) 
• H 
u 4) 
O. CO 
4> 
X 
4-> 
14-1 
o 
y ^ 
e*o 
c 
9) 
3 
a* 
u 
MH 
• f J 
c 0) 
CO 
ii 
u 
a 
4) 
^ t 
CO 
o 
v< 
c 
•M 
CO 
(U 
3 
l-H 
> 
* 
o 
c 
0) 
3 
cr 
4 ; 
u MH 
c 
4) 
CO 
4) 
^ a 
4) 
>H 
CO 
4) 
• H 
U 
4) 
a, CO 
4) 
•(-> 
l - H 
l-H 
(0 
MH 
0 
CO 
c 
B 
3 
l-H 
u 
c 
• H 
CO 
V 
CO 
4} 
J H 
•»-> c 4; 
(4 
DH 
c 
•H 
CO 
4} 
3 
l-H 
> 
* 
« CO 
4) 
• i H 
••-> 
• H 
r - H 
0 
0 
l-H 
4-> 
c 
4) V4 
4> 
>4H 
• 
cd 
• H 
»H 
Rl 
C 
4) 
^ (0 
• 21 
II 
(0 
2 
.. 
u 
• H 
c 
> 
nJ 
•1—1 
21 
II 
2 
.•. 
a 
• M 
•H 
C 
0 
u 
c 
•rt 
21 
II 
•H 
2 
76 
a. 
Z 
< 
o 
o 
(T 
O 
z 
o 
»-
^ 3 
a 
u 
-* o 
in 
z 
. < 
z z z 
o| 
•" o 
c\ " 
o> c 
o o 
o > 
c o 
O 
^ 
o 
c 
• k . 
-1 - . o 
SI Zl Zl 
BID 
o o o o o 
O oi A r^  «P 
•- r* CM 
< 
o 
o 
01 » «l • •> 
u u u u u 
o o o o o (£ Q: (T a Q: 
z z z z z 
• SDHD 
< 
a 
< o 
(3 QC <« 
•r - ! 5 = a 
i=^zi 
-J *- < < i 
< < I i i W 
^ CM m .J J^ 
• • • • 
o 
o 
o 
(•/.) A O N 3 0 0 3 a i 
2 
cn 
UJ 
u. 
(V.) A3N3n03ad o 
< 
z 
•.^  
< 
a: 
< 
z 
u 
cc 
< 
21 
Q 
Z 
< 
«-^  te-* 
2 
-^« 
< 
»— 
Z 
o 
o 
<_> 
z 
, 
>-
o 
Q: 
»— 5IV) 
l i . Q 
O l 
1/1 Q: 
ixi < 
o o 
< — 
^ ^ 
fefe 
a ^ 
2 y UJ 1-
3 ~ 
<J < 
U ( , 
tr o LL _ J 
<N| 
*~-o 
LL 
77 
When the frequency of occurrence of the same species in different 
localities was compared, i t emerged that the frequency of M. incognita 
was highest (58.60%) in Aligarh city area. In other localit ies i t s 
frequency ranged between 9.68% and 11.29%. Frequency of M. javanica 
was also highest in Aligarh city area (55.86%). In other local i t ies , 
i t s frequency range was between 4.06 and 18.02%. Frequency of 
M. arenaria was much greater (76%) in Aligarh city area than Atrauli 
(18.18%) and Sikandrarau (6.82%) (Table 20). 
i i i . Identity and frequency of the races. 
All the four races of M. incognita, Race 1, Race 2, Race 3 
and Race 4 were found in the d is t r ic t (Fig. 8 ) . Frequency of Race 2 
of M. incognita was greater than Race 1 in all the localit ies except 
Hathras where frequency of Race 1 was greater than Race 2. Frequency 
of Race 3 which was encountered in Aligarh city area, Atrauli and 
Kasimur, was lower than Race 1 and Race 2 in all three localities 
except in Kasimpur where it was greater than Race 2. Race 1 and 
Race 4 were not recorded from Kasimur. Frequency of Race 4 was 
lower than Race 1 and Race 2 in all the three localities of i t s encounterance. 
This frequency in comparison to Race 3 was lower in Atrauli but 
greater in Aligarh city area (Table 21, Fig. 12). 
Among the local i t ies . Race 1 was more frequent in Aligarh city 
area than in other local i t ies . Frequency of Race 2 was also highest 
in Aligarh city area. Race 3 showed greater frequency in Kasimpur 
than Aligarh city area and Atrault. Similarly 
more frequent in Aligarh city ar^a than s / l ^ r a r a u ^©Kd^N t^ravTlJ^ i^  
(Table 21). 
'• .'f •", k*' 
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In M. arenaria populations, only Race 2 (Fig. 8) was identified. 
Frequency of M. arenaria, among the three localities of i t s encounterance, 
was greater in Aligarh city area than Atrauli and Sikandrarau (Table 21). 
3 . BAREILLY 
i . Incidence and intensity of the disease. 
a. Vegetable fields! Surveys were conducted in Anwala, Bareilly 
city area, Bhojipura, Baheri and Faridpur in Bareilly d is t r ic t (Fig. 13). 
Root samples of vegetables were collected from all the localities 
except Anwala where no extensive vegetable cultivation was found. 
The incidence of the disease in vegetable fields was highest (66.67%) 
in Bareilly city area followed by Faridpur (60%). Disease incidence 
was almost equal in Baheri (42.86%) and Bhojipura (40%) (Table 22 ,F ig . l4 ) . 
The incidence of the disease based on root samples was also 
highest in Bareilly city area (60.91%) closely followed by Faridpur 
(58.33%). In Bhojipxira. disease incidence was lowest. In "Baheri, 
the incidence was greater than Bhojipura but less than Faridpur and 
Bareilly city area (Table 22, Fig. 14). 
The intensity was highest, on the basis of mean GI and EMI, 
in Bareilly city area. On the basis of GI and EMI (range), intensity 
was mild to very severe in Bareilly city area; mild to severe in 
Baheri; and very mild to severe in Faridpur. It was very mild 
to moderate and mild to moderate in Bhojipura, on the basis of GI 
and EMI respectively (Table 22). 
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b. Vegetable crops: The incidence of disease in eggplant fields was 
higher than in pepper, okra and tomato f ie lds . The incidence was 
66.67% in eggplant and 50% in pepper f ie lds . In tomato and okra 
f ields, i t was less than 50%. The incidence of disease on root 
sample basis was highest on eggplant (74.78%) and lowest on tomato 
(31.25%). It was 56.14% and 46.67% on pepper and okra respectively 
(Table 23, Fig. 16). 
Highest intensity based on mean GI and EMI was observed 
on eggplant roots . The GI/EMI ranges were 2-5/2-5 on eggplant 
showing mild to very severe disease intensity. On other vegetables 
GI/EMI ranges were 1-3/2-4 on tomato, 1-4/1-4 on okra and 2-4/2-3 
on pepper (Table 23). 
i i . Identity and frequency of root-knot nematodes in the localities. 
a. Identity of the species: M. incognita, M^ . javanica and M^ . arenaria 
were identified infecting the vegetables in the d is t r ic t (Fig. 13). 
Single population of M. incognita or M. javanica and mixed populations 
of M^ . incognita and M^ . javanica or M. incognita and M. arenaria 
were recorded (Table 24). 
b. Frequency of the species in single and mixed populations: When the 
frequency of single species population in different localities was 
compared, i t was noticed that frequency of M^ . javanica was higher 
than M. incognita in all the localities (Table 24, Fig. 16). In local i t ies , 
frequency of both M. incognita and M. javanica was higher in Bareilly 
city area than other local i t ies . Lowest frequency of M. incognita 
85 
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was found in Bhojipura and that of M. javanica in Faridpur. M. 
arenaria was not observed in single population in any locality (Table 24). 
Mixed population of M^. incognita and M^ . javanica was found 
in all the local i t ies . But M. incognita and M. arenaria in mixed 
population were present only in Bareilly city area and Faridpur . 
In both, Bareilly city area and Faridpur frequency of mixed population 
of M^ . incognita and M. javanica was greater than frequency of mixed 
population of M^ . incognita and M. arenaria (Table 24, Fig 16). 
In mixed population, M^ . incognita and M^ . javanica combination 
was more frequent in Bareilly city area than in Faridpur, Bhojipura 
and Baheri. Frequency of mixed population of M. incognita and M. arenaria 
was much greater in Bareilly city area than in Faridpur (Table 24). 
c. Frequency of the species in total infected samples : Frequency of 
M^ . javanica in total infected root samples regardless of single or 
mixed populations was greater than M. incognita in all the localities 
except Faridpur where M. incognita was more frequent (Table 25, 
Fig. 16). Among the local i t ies , frequency of both M. incognita and 
M. javanica was highest in Bareilly city area and lowest in Baheri. 
Between the two localities where M. arenaria was encountered, i t s 
frequency was greater in Bareilly city area than Faridpur (Table 25). 
i i i . Identity and frequency of the races . 
All the four races of \d. incognita and Race 2 of M. arenaria 
were found in the dis t r ic t (Fig. 13). Race 1 and Race 2 of M. incognita 
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were found in all the local i t ies . Race 3 was recorded only from 
Faridpur and Race 4 from Bareilly city area. Frequency of Race 2 
was greater than Race 1 in all the localities except Baheri where 
Race 1 showed greater frequency value. Among the three races (Race 1,2,4) 
encountered in Bareilly city area, Race 4 was least frequent. In 
Faridpur, Race 3 was slightly more frequent than Race 1. In M. arenaria 
populations only Race 2 was distinguished, hence i t s frequency was 
100% in both the localities (Table 26, Fig. 17). 
Among the locali t ies , Race 1 was most frequent in Bareilly 
city area followed by Baheri. Its frequency was equal in Bhojipura 
and Faridpur. Similarly Race 2 was most frequent in Bareilly city 
area but i ts frequency was lowest in Baheri. Race 3 encountered 
in Faridpur and Race 4 in Bareilly city area showed 100% frequency. 
Frequency of M. arenaria was much greater in Bareilly city area 
than Faridpur (Table 26). 
4. BUNOR 
i . Incidence and intensity of the disease. 
a. Vegetable fields : Five localities v iz . Bijnor city area, Chandpur, 
Najibabad, Phuna and Badhapur of Bijnor d is t r ic t were surveyed 
(Fig. 18). In Phuna and Badhapur no extensive vegetable cultivation 
was found during the survey, consequently no root samples were 
collected from these two local i t ies . The highest incidence of the 
disease was found in vegetable fields of Bijnor city area (58.33%) 
followed by Najibabad (46.15%). The lowest incidence was observed in 
the vegetable fields of Chandpur (37.50%) (Table 27, Fig. 19). 
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Incidence of the d i sease on root sample b a s i s was a lso 
h ighes t in Bijnor c i ty a rea (53.57%). In o the r two l oca l i t i e s incidence 
was below 50%. It was 43.75% in Chandpur and 30.56% in Najibabad 
(Table 27, F ig . 19 ) . 
Highest in tens i ty of the d i sease in t e rms of mean gal l index (GI) 
and eggmass index (EMI) was found in Bijnor c i ty a rea followed 
by Najibabad and Chandpur . The in tens i ty range on the b a s i s of GI 
was mild to v e r y seve re in Bijnor c i ty a rea and Najibabad and 
mild to severe in Chandpur . On the b a s i s of EMI ( r a n g e ) , in tens i ty 
was mild to ve ry seve re in Bijnor c i ty a rea and mild to s eve re 
in the remaining loca l i t i e s (Table 2 7 ) . 
b . Vegetable crops : Among the vegetable c r o p s , incidence of t h e 
d i sease was h ighes t (60%) in eggplant f i e lds followed by p e p p e r 
(44.44%) f i e l d s . The d i sease incidence was equal (42.86%) in tomato 
and okra f i e lds (Table 28, F ig . 2 0 ) . 
The incidence of the d i sease in root samples of each vegetable 
crop was below 50% excep t tomato where d i s ea se incidence was 53.85%. 
It was 45.71% on eggplant , 35.71% on okra and 33.33% on p e p p e r 
(Table 28, F i g . 2 0 ) . 
Highest and equal in tens i ty was r ecorded on eggplant and 
okra followed by tomato and p e p p e r on the b a s i s of mean GI. On 
mean EMI b a s i s , i t was h ighes t on eggplant c lose ly followed by 
tomato. The d i s e a s e in tens i ty ( range) on GI b a s i s was mi ld to very 
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97 
severe on eggplant, tomato and okra and mild to severe on pepper . 
On EMI (range) bas i s , it was mild to very severe on eggplant and 
mild to severe on the remaining three vegetables (Table 28). 
i i . Identity and frequency of root^knot nematodes in the localities. 
a. Identity of the species : Meloidogyne incognita and M. javanica 
were differentiated in the populations of the d is t r ic t (Fig. 18). 
Their single or mixed populations were found in all the localities 
of their encounterance (Table 29). 
b. Frequency of the species in single and mixed populations : In single 
population, frequency of M. -iavanica was greater than M. incognita 
in all the localities (Table 29, Fig. 21). Among the local i t ies , frequency 
of both the species was highest in Bijnor city area and lowest in 
Najibabad (Table 29). 
Mixed population of both the species in Bijnor city area 
and Chandpur showed lesser frequency than single population of 
any species. However, in Najibabad, the frequency of mixed population 
was greater than single population of M. incognita and less than 
M. javanica (Table 29, Fig. 21). Among the localit ies highest frequency 
was noticed in Bijnor city area followed by Najibabad and Chandpur 
(Table 29). 
c. Frequency of species in total infected samples : In total infected root 
samples irrespective of single or . mixed populations, frequency of 
M. javanica was greater than M. incognita in all the localities (Table 30, 
Fig. 21). Among the locali t ies , frequency of both the species was 
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highest; in Bijuor.city area and lowest in Chandpur (Table 30). 
i i i . Identity and frequency of the races. 
Race 1, Race 2 and Race 4 of M. incognita were identified 
to be present in the d is t r ic t (Fig. 18). Race 1 and Race 2 were 
found in all the local i t ies . But Race 4 was res t r ic ted to Bijnor 
city area. The frequency of Race 2 was greater than Race 1 in 
all the localities except Chandpur where Race 1 was more frequent. 
The frequency of Race 4 was lowest (Table 31, Fig. 22). Among 
the locali t ies , Race 1 was more frequent in Chandpur followed by 
Bijnor city area and Najibabad. Frequency of Race 2 was highest in 
Bijnor city area and least in Chandpur. Frequency of Race 4 was 100% 
in Bijnor city area as i t was not observed in other two localities 
(Table 31). 
5 . BUDAUN 
i . Incidence and intensity of the disease. 
a. Vegetable fields: Five local i t ies , Budaun city area, Kakrala, 
Alapur, Bisauli and Gunnaur were surveyed in the d is t r ic t (Fig. 23) . 
In Bisauli and Gunnaur no extensive vegetable cultivation was found 
during the survey, hence no root samples were collected from these 
two local i t ies . The incidence of the disease in vegetable fields 
was highest (76.92%) in Budaun city area followed by Alapur (57.14%) 
and Kakrala (42.85%) (Table 32, Fig. 24). 
Incidence of the disease, based on root samples, was highest 
in Alapur (76.92%) followed by Budaun city area (63.77%) and Kakrala 
(55.17%) (Table 32, Fig. 24). 
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DISTRICT BUDAUN 
AREA = 5158 Sq. Kms. 
j : M.iavanica 
I'l, ij : M.incognita Race 1,2 
GUNNAUR 
BISAULI 
ALAPUR 
KAKRALA 
BUOAUN 
Kms. 
FIG. 23: DISTRIBUTION OF MELOIDOGYNE SPECIES AND THEIR RACES 
IN BUDAUN DISTRICT. 
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Highest intensity of the disease in terms of mean GI and 
EMI was found in Alapur followed by Budaun city area . The intensity 
on the basis of GI (range) was mild to very severe in both the 
localities but on the basis of EMI (range) intensity was very mild 
to severe in Budaun city area and mild to severe in Alapur. In 
Kakrala, the intensity was mild to severe (Table 32). 
b . Vegetable crops: Among the vegetables, incidence of the disease was 
highest (88.89%) in eggplant fields followed by tomato (66.67%) f ie lds . 
The disease incidence was equal (50%) in okra and cucumber f ie lds . 
Lowest incidence (42.86%) was observed in pepper fields (Table 33, 
Fig. 25). 
The incidence of disease in root samples of each vegetable 
crop was above 50%. It was highest on eggplant (76.79%) followed by 
cucumber (66.67%). On other crops, it ranged between 50 and 57.14% 
(Table 33, Fig. 25). 
Highest intensity was recorded on eggplant followed by tomato in 
the localities of the d i s t r i c t . The intensity range was mild to 
severe on cucumber, pepper and okra; mild to very severe on tomato; 
and moderate to very severe on eggplant, on the basis of GI (range). 
On the basis of EMI (range), intensity was mild to severe on eggplant 
and tomato and very mild to moderate on other three vegetable 
crops (Table 33). 
i i . Identity and frequency of root-knot nematodes in the local i t ies . 
a. Identity of the species: M. incognita and M^ . javanica were dist ing-
uished in root-knot nematode populations of the d is t r ic t (Fig. 23). 
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FIG.24: INCIDENCE OF ROOT-KNOT DISEASE ON VEGETABLE 
CROPS IN THE LOCALITIES OF BUDAUN DISTRICT. 
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Their single or mixed population was found in all the localities 
except Kakrala (Table 34). 
b . Frequency of the species in single and mixed populations: In single 
population, frequency of M. javanica was greater than M. incognita 
in all the localities except Budaun city area where M. incognita 
showed greater frequency (Table 34, Fig. 26). Among the local i t ies , 
frequency of both M. incognita and M. javanica was highest in Budaun 
city area and lowest in Alapur (Table 34). 
Mixed population of both the species encountered in Alapur 
and Budaun city area showed greater frequency in the former than 
in the lat ter locality (Table 34, Fig. 26). 
c. Frequency at the species in total infected samples: In total infected 
root samples irrespective of single or mixed populations, frequency 
of M^ . javanica was greater than M. incognita in all the localities 
except Budaun city area (Table 35, Fig. 26). 
When frequency of a species among the localit ies on the basis 
of total infected root samples was considered, frequency of both 
M. incognita and M. javanica was highest in Budaun city area followed 
by Alapur and Kakrala (Table 35). 
i l l . Identity and frequency of the races. 
Race 1 and Race 2 were identified to be present in M. incognita 
populations of the d is t r ic t (Fig. 23). Both races were found in 
al l the localities except Kakrala, where only Race 2 was observed. 
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The frequency of Race 1 was more than Race 2 in Budaun city area 
while frequency of Race 2 was greater than Race 1 in Alapur (Table 36, 
Fig. 27). 
Among the two localities of i t s occurrence, Race 1 was more 
frequent in Budaun city area than Alapur. Race 2 was also more 
frequent in Budaun city area than in other two localities of i t s 
occurrence (Table 36). 
6. DEHRADUN 
i . Incidence and intensity of the disease. 
a. Vegetable fields: Of the five local i t ies , included in the survey 
of the dis t r ic t Dehradun, vegetables were not extensively grown 
in Tiun and Chakrauta. Consequently, root samples were collected 
only from three localities namely Mussoorie, Rishikesh and Dehradun 
city area (Fig. 28). Incidence of disease in vegetable fields was 
highest in Rishikesh followed by Dehradun city area. In Rishikesh 
77.78% vegetable fields and in Dehradun city area 58.33% fields 
were infested with root-knot nematodes. Thirty per cent infestation 
of field was found in Mussoorie. The incidence of disease on root 
sample basis was also highest in Rishikesh. Above 75% root samples 
were infected. In Dehradun city area and Mussoorie incidence was 
60% and 62.50% (Table 37, Fig. 29). 
Highest disease intensity was recorded in Dehradun city area 
followed by Mussoorie. When GI (range) was considered, i t was 
noticed that the intensity was mild to very severe in Dehradun 
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DISTRICT OEHRADUN 
AREA: 3088 Sq. Kms 
J r M javanica 
M i'2->'3i'i, - t l incog" ' * * Race 1,2,3,4 
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FIG.28: DISTRIBUTION OF MEL0ID06YNE SPECIES AND THEIR RACES 
IN DEHRADUN DISTRICT . 
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ci ty a rea ; mild to s eve re in Mussoorie; and ve ry mild to s eve re in 
R i s h i k e s h . On the bas i s of EMI ( r a n g e ) , in t ens i ty was mild to s eve re in 
Dehradun c i ty a r e a ; ve ry mild to s e v e r e in Mussoorie; and mild to 
moderate in R i sh ikesh (Table 37 ) . 
b . Vegetable crops : Among the c rop f i e lds of the v e g e t a b l e s , h ighes t 
incidence of the d i sease (70%) was obse rved in eggplant f i e l d s . Per cent 
incidence was 50 in p e p p e r and okra f i e l d s . In tomato, d i s ea se incidence 
was 42.86%. In root samples of v e g e t a b l e s , incidence of the d i s e a s e was 
h ighes t on eggplant (71.11%) and lowest on p e p p e r (55%). Incidence was 
almost equal on tomato (66.67%) and okra (65.79%) (Table 38 , F i g . 3 0 ) . 
The d i sease in tens i ty was h ighes t on eggplant followed by okra in 
the d i s t r i c t . The in tens i ty was mild to very severe on eggplant ;very mild to 
moderate on tomato; mild to moderate on p e p p e r ; and ve ry mild to s eve re 
on okra on the bas i s of GI ( r a n g e ) . The in tens i ty was mild to s eve re on 
eggplant ; ve ry mild to mild on tomato; ve ry mild to moderate on p e p p e r ; 
and ve ry mild to seve re on okra on the b a s i s of EMI (range) (Table 38) . 
i i . Identity and frequency of root-knot nematodes in the l o c a l i t i e s . 
a . Identity of the s p e c i e s : All t h e four major spec i e s of roo t -knot 
nematodes , v i z . M^ . incogni ta , M^ . j avan ica , M^ . a r ena r i a and M^ . hap la were 
found in a l l t he t h r e e l oca l i t i e s (F ig . 2 8 ) . Single populat ion of M. 
incognita or M^ . javanica and mixed popula t ions of W[. incognita and 
Nd. javanica or M^ . a renar ia and M^ . hapla or M^ . incognita , M^ . javanica 
and M^ . a rena r i a or M^ . incognita , M^ . javanica and M. 
hapla were r e c o r d e d . M. incognita and M^ . javanica were 
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presen t in single spec ies populat ions in a l l the l o c a l i t i e s . M. a renar ia 
and M. hapla were not found in any loca l i t i e s in single popula t ion . 
Mixed populat ion of M^ . incognita and M^ . javanica noticed in Mussoorie 
and R i sh ikesh but not in Dehradun c i ty a r e a . Mixed population of 
M. incognita , M. javanica and M^ . a rena r i a and Nl. incognita , M^ . 
javanica and M. hap la ex i s t ed in a l l the l o c a l i t i e s . However, mixed 
populat ion of M. a r ena r i a and M. h a p l a was o b s e r v e d only in Dehradun 
c i ty a rea (Table 3 9 ) . 
b . Frequency of the spec ies in single and mixed populations : In single 
popu la t ions , frequency of M^ . javanica was s l i gh t l y g rea te r than 
M. incognita in both Mussoorie and Rish ikesh but in Dehradun c i ty 
a rea frequency values of both the spec ie s e q u a l l e d . In Mussoorie 
and R i s h i k e s h h , frequency of M. javanica was 16% and 20% in contras t 
to 12% and 13.33% of M. incognita r e s p e c t i v e l y . In Dehradun c i ty 
a rea frequency of both the spec ie s was 15.15% (Table 39, F ig .31) . 
Among the l o c a l i t i e s , M. incognita was more frequent in Dehradun 
c i ty a rea than Rish ikesh and Mussoorie whi le M. javanica was most 
frequent in R i sh ikesh than in Dehradun c i ty a rea and Mussoorie 
(Table 39 ) . 
The frequency of mixed population of M. incognita and M. javanica 
was s l i gh t l y more than o ther combinations both in Mussoorie and 
R i s h i k e s h . The frequency of mixed populat ions of M. incognita , 
M. juvanica and M. a renar ia was g rea t e r than mixed populat ions 
of M. incognita , M. javanica and M. hap la in a l l the loca l i t i e s except 
R i s h i k e s h . The mixed population of M. a renar ia and M. hapla showed 
15.16% frequency (Table 39, F ig . 3 1 ) . 
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Among the locali t ies , frequency of M. incognita and \<. javanica 
combination was greater in Rishikesh than Mussoorie. Frequency of 
\1 . incognita, U_. javanica and M. arenaria combination was highest 
in Dehradun city area followed by Mussoorie and Rishikesh. Frequency 
values of M^ . incognita, M^ . javanica and M. hapla combination in 
Dehradun city area and Rishikesh were equal but were higher than 
in Mussoorie. Frequency of U_. arenaria and M^ . hapla was 100% in 
Dehradun city area since this combination was present only in th is 
locality (Table 39). 
c. Frequency of the species in total infected samples : When the 
frequency of the four species was computed in total infected root 
samples collected from different localities of Dehradun d is t r ic t , it 
emerged that the frequency of M^ . javanica was greater than other 
three species in all the localities except Dehradun city area where 
frequency values of both M. incognita and M^. javanica were equal. 
In Dehradun city area both species were more frequent than M^ . arenaria 
and M^ . hapla. M^ . arenaria, however, exhibited greater frequency 
of occurrence than M^ . hapla in Dehradun city area and Mussoorie 
but in Rishikesh M^ . hapla was more frequent (Table 40, Fig. 31). 
When the frequency of occurrence of the same species in 
different localities was compared, it was found that the frequency 
of both M. incognita and M. javanica was almost equal in all the 
local i t ies . Both M_. arenaria and M. hapla showed greater frequency 
values in Dehradun city area than other two localities (Table 40). 
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i i i . Identity and frequency of the races . 
All the four r aces of M. incognita and Race 2 of M. a renar ia 
were found to be p resen t in the d i s t r i c t (F ig . 2 8 ) . Race 2,3 and 4 
of M. incognita were obse rved in Dehradun c i ty a r e a ; Race 2 and 4 
in Mussoorie; and Race 1, 2 and 3 in R i s h i k e s h . Frequency of Race 4 
was g rea t e r than Race 2 and 3 in Dehradun c i ty a r e a . Race 4 was a lso 
more frequent than Race 2 in Mussoorie but in R i sh ikesh Race 2 
was most f requent . However, frequency values of Race 1 and Race 3 
were equal in R i sh ikesh (Table 4 1 , F ig . 3 2 ) . 
Among the l o c a l i t i e s , Race 2 was more frequent in Rish ikesh 
than Mussoorie and Dehradun ci ty a r e a . Race 3 was a l so more frequent 
in Rish ikesh than Dehradun c i ty a rea whi le Race 4 was more frequent 
in Mussoorie (Table 4 1 ) . 
Only Race 2 was ident i f ied in M^ . a renar ia popula t ions ( F i g . 2 8 ) . 
I t s frequency was g rea t e r in Dehradun c i ty area than Mussoorie and 
Rish ikesh (Table 4 1 ) . 
7 . ETAH 
i . Incidence and intensity of the d i sease . 
a. Vegetable f i e lds : F ive l oca l i t i e s in the d i s t r i c t namely Etah c i ty 
a r e a , Kasganj, Kadi rganj , Aliganj and Dhumri (F ig . 33) were s u r v e y e d . 
Twenty five to fifty pe r cent vege tab le f i e lds were infested with 
root -knot nematodes in the l o c a l i t i e s . Of the five l o c a l i t i e s , incidence 
of the d i sease was h ighes t in Etah c i ty a rea (50%) followed by 
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Kadirganj (40%). In o the r t h r e e l o c a l i t i e s , d i s ea se incidence ranged 
between 20% and 33.33% (Table 42, F i g . 3 4 ) . 
On the b a s i s of root s a m p l e s , the d i sease incidence was 58.97% 
in Kadirganj ; 42.53% in Etah c i ty a r e a ; 40.54% in Aliganj; 29.73% 
in Kasganj; and 28.57% in Dhumri (Table 42, F i g . 3 4 ) . 
In the d i s t r i c t , h ighes t d i sease in tens i ty was found in Etah 
ci ty a rea on the b a s i s of mean GI/EMI. The in tens i ty was mild 
to ve ry seve re in Etah c i ty a r e a ; mild to s eve re in Kadirganj , Aliganj 
and Dhumri; and ve ry mild to s eve re in Kasganj based on GI ( r a n g e ) . 
On t h e b a s i s of EMI ( r a n g e ) , in tens i ty ranged from moderate to ve ry 
seve re in Etah c i ty a r e a ; mild to moderate in Kasganj; ve ry mild 
to moderate in Kadirganj and Dhumri; and mild to s eve re in Aliganj 
(Table 4 2 ) . 
b . Vegetable crops: Among t h e c rop f i e lds of vege tab les included 
in t h e s u r v e y , the incidence was h ighes t in eggplant f i e lds (70%). 
In f i e lds of r e s t of t h e vege t ab l e s , incidence was compara t ive ly 
low. It was 27.27% in tomato f i e l d s ; 20% in cucumber f i e l d s ; 12.50% 
in peppe r f i e l d s ; and 11.11% in okra f i e lds (Table 43 , F i g . 3 5 ) . 
Disease incidence was a lso h ighes t in roo t - samples of eggp lan t s . 
The p e r cent incidence was 74 .29 . Lowest incidence was (10.71%) 
noticed in root samples of p e p p e r . The p e r cent incidence was 
15.38 for tomato; 12.50 for cucumber; and 11.11 for okra (Table 43 , 
F i g . 3 5 ) . 
In Etah d i s t r i c t , eggplant was a l so most s eve re ly affected 
c rop since h ighes t d i s ease in tens i ty based on mean GI/EMI was r eco rded 
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FIG.34: INCIDENCE OF ROOT-KNOT DISEASE ON VEGETABLE 
CROPS IN THE LOCALITIES OF ETAH DISTRICT. 
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on this crop. The intensity range based on GI (range) was from 
mild to very severe on eggplant; mild to severe on tomato, okra 
and pepper; and very mild to severe on cucumber. Based on EMI (range), 
the intensity was moderate to very severe on eggplant; very mild 
to severe on tomato and pepper; very mild to moderate on cucumber; 
and nil to moderate on okra (Table 43). 
i i . Identity and frequency of root-knot nematodes in the localities. 
a. Identity of the species: Only two species of Meloidogyne, M. incognita 
and M. javanica were found in the dis t r ic t (Fig. 33). Single population 
of M^ . incognita was observed only in Etah city area, Kasganj and 
Dhumri. Single population of M^ . javanica was present in all the 
localities except Dhumri. Mixed populations of both the species 
were found only in Etah city area and Kadirganj (Table 44). 
b. Frequency of the species in single and mixed populations: In Etah 
city area and Kasganj, frequency of M. javanica was greater than 
M. incognita • M. javanica in Aliganj and M. incognita in Dhumri 
were found alone, consequently, frequency of both the species was 
100% (Table 44, Fig. 36). Among the local i t ies , M. incognita and 
M^ . javanica both were more frequent in Etah city area than in other 
localities of their encounterance (Table 44). 
Frequency of mixed population of the species was greater 
than frequency of single population of M^. javanica in Kadirganj. 
But in Etah city area, frequency of mixed population was less than 
frequency of M. incognita or M. javanica (Table 44, Fig. 36). Among 
the two local i t ies , frequency of mixed populations of the species 
was greater in Kadirganj than Etah city area (Table 44^. 
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c . Frequency of the spec ies in total infected samples : Regard less 
of single or mixed popu la t ions , in to ta l infected root samples frequency 
of M. javanica was g rea te r than M. incognita in a l l t he t h r e e l oca l i t i e s 
where both were encountered (Table 45, F i g . 3 6 ) . 
On t h e b a s i s of to ta l root s amp le s , among the l o c a l i t i e s , 
frequency of M. incognita was h ighes t in Etah c i ty a rea followed 
by Kadi rganj . I t s frequency was lowest in Kasganj. Frequency of 
M. javanica was s l i gh t l y g r ea t e r in Kadirganj than in Etah c i ty 
a r e a . In o the r two l o c a l i t i e s , i t s frequency was l e s s than Kadirganj 
and Etah c i ty a rea (Table 4 5 ) . 
i i i . Identity and frequency of the races . 
Race 1 and Race 2 were d i f fe ren t ia ted in M. incognita popula t ions 
of the d i s t r i c t ( F i g . 3 3 ) . Race 2 was found in a l l t - four l oca l i t i e s 
whi le Race 1 was found in two l o c a l i t i e s , Etah c i ty a rea and Kadi rganj . 
The frequency of Race 1 was h ighe r than Race 2 in Etah c i ty a r e a . 
But in Kadirganj Race 2 was more frequent (Table 46, F ig . 37 ) . 
When frequency of a p a r t i c u l a r race among t h e l oca l i t i e s was 
compared , i t emerged t h a t Race 1 was more frequent in Etah c i ty 
a rea than Kadi rganj . Frequency of Race 2 was h ighes t in Kadirganj 
followed by Etah c i ty a rea and Dhumri . i t s frequency was lowest 
in Kasganj (Table 4 6 ) . 
8. MATHURA 
i - Incidence and intensity of the d i s e a s e . 
a . Vegetable f i e lds : F ive l oca l i t i e s of Mathura d i s t r i c t namely Mathura 
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DISTRICT MATHURA 
AREA=3797Sq. Kms. 
j = M. javanica 
'1 >'2 = M.incognita Race 1,2 
KOSI 
BRINDABAN 
MATHURA 
GOKUL 
BiSAWAR 
* NO CULTIVATION 
5 0 
Kms. 
FIG.38: DISTRIBUTION OF MELOIDOGYNE SPECIES AND 
THEIR RACES IN MATHURA DISTRICT. 
138 
city area, Gokul, Brindaban, Bisawar and Kosi were surveyed during 
the study (Fig. 38). In Bisawar and Kosi, no vegetable cultivation 
was found during the survey, hence no root samples were collected 
from these two local i t ies . The incidence of disease was below 50% 
in the vegetable fields of the d i s t r i c t . It was highest in Mathura 
city area (40%) and lowest in Gokul (30%) (Table 47, Fig. 39). 
On root sample bas i s , the incidence was highest (45.83%) 
in Mathura city area followed by Brindaban (37.78%) and lowest 
(24.29%) in Gokul (Table 47, Fig. 39). 
The highest disease intensity was found in Gokul. The intensity 
was mild to severe in Mathura city area and Brindaban and mild 
to very severe in Gokul on the basis of GI (range). On the basis 
of EMI (range), intensity was very mild to moderate in Mathura 
city area; mild to severe in Gokul; and very mild to severe in 
Brindaban (Table 47). 
b. Vegetable crops: Among the crop fields of vegetables, incidence 
was highest in eggplant fields (41.67%) closely followed by tomato 
fields (37.50%). The incidence in pepper and okra fields was 33.33% 
and 25% respect ively. The incidence of disease on root sample basis 
was highest on tomato (54.55%) followed by eggplant (52%). The 
incidence on pepper and okra roots was comparatively low showing 
22.58% and 15.87% respectively (Table 48, Fig. 40). 
In the d i s t r i c t , highest intensity was recorded on eggplant 
based on mean GI and on pepper based on mean LMI. The intensity 
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FIG.39: INCIDENCE OF ROOT-KNOT DISEASE ON VEGETABLE 
CROPS IN THE LOCALITIES OF MATHURA DISTRICT. 
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was mild to ve ry seve re on eggplant ; mild to s eve re on tomato and 
p e p p e r ; and mild to moderate on okra on GI ( range) b a s i s . It was 
very mild to s eve re on eggplant ; v e r y mild to moderate on tomato 
and o k r a ; and mild to s eve re on p e p p e r , on the b a s i s of EMI ( r a n g e ) . 
i i . Identity and frequency of root-knot nematodes in the l o c a l i t i e s . 
a . Identity of the spec ies : Two spec i e s of Meloidogyne, M^ . incognita 
and M. javanica were found in the d i s t r i c t ( F i g . 3 8 ) . Single populat ion 
of M. javanica was p resen t in a l l the l o c a l i t i e s . M. incognita populat ion 
and mixed populat ion of both t h e spec ies were found in Mathura 
c i ty a rea and Brindaban (Table 4 9 ) . 
b . Frequency of the spec ies in single and mixed populations: Frequency 
of single populat ion of M^ . javanica was much h ighe r than of M. incognita 
in a l l t he l oca l i t i e s where both the spec ies were encountered . Frequency 
of M. javanica was 100% in Gokul where M. incognita was not found 
(Table 49, F i g . 4 1 ) . Among the two loca l i t i e s where M. incognita 
was found, i t s frequency was g rea t e r in Mathura c i ty i r e a than Br indaban . 
Frequency of M^ . javanica was a lso h ighe r in Mathura c i ty a rea than 
Brindaban and Gokul (Table 4 9 ) . 
The frequency of mixed populat ion of both t h e species was g rea t e r 
than of s ingle population of M. incognita and lower than of M. javanica 
in Mathura c i ty a r e a . But in Br indaban, i t was lower than t h a t 
of both the spec ies (Table 49, F i g . 4 1 ) . Among the two l oca l i t i e s 
in which mixed populat ion was found, i t s frequency was h ighe r in 
Mathura c i ty a rea than Brindaban (Table 4 9 ) . 
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c . Frequency of the spec ie s in total infected samples: In to t a l infected 
root samples co l lec ted from dif ferent l oca l i t i e s of the d i s t r i c t , frequency 
of M. javanica was g rea t e r than M. incognita in both Mathura c i ty 
a rea and Brindaban where both the spec i e s o c c u r r e d . In Gokul, 
frequency of M. javanica was 100% because of the absence of M. incognita 
in the loca l i ty (Table 50, F i g . 4 1 ) . Among the l o c a l i t i e s , frequency 
of M. incognita was much g rea te r in Mathura c i ty a rea than Br indaban . 
M. javanica was a lso more frequent in Mathura c i ty a rea than o the r 
two loca l i t i e s (Table 50 ) . 
i l l . Identity and frequency of the races . 
Race 1 and Race 2 were d i s t ingu i shed in M. incognita populations 
of the d i s t r i c t (F ig . 38 ) . The two races were resen t in both the 
loca l i t i e s where M. incognita was r e c o r d e d . Frequency of Race 2 
was g rea t e r than Race 1 in both t h e l oca l i t i e s (Table 5 1 , F ig . 4 2 ) . 
Both the r ace s showed h ighe r frequency values in Mathura c i ty a rea 
than Brindaban (Table 51 ) . 
9. MORADABAD 
i* Incidence and intensity of the d i s ease . 
a. Vegetable f i e l d s : Moradabad c i t y a r e a , Chandaus i , Sambhal , Hasanpur 
and Bahjoi were su rveyed in Moradabad d i s t r i c t (F ig . 4 3 ) . Extens ive 
vegetable cul t ivat ion was not found in Hasanpur and Bahjoi . hence 
samples were not col lected from these l o c a l i t i e s . The incidence 
of d i sease in o the r t h r e e loca l i t i e s was 50% or be low. Incidence 
was h ighes t (50%) in vegetable f i e lds of Sambhal (Table 52, F i g . 4 4 ) . 
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Incidence of disease on root sample basis was also highest 
in Sambhal. It was 58.93% in Sambhal; 39.22% in Chandausi; and 
38.95% in Moradabad city area (Table 52, Fig. 44). 
The disease intensity in the localities of the d is t r ic t was 
highest in Moradabad city area . The intensity range was mild to 
very severe in Moradabad city area; very mild to severe in Chandausi; 
and mild to moderate in Sambhal, based on GI (range). On the basis 
of EMI (range), intensity was moderate to very severe in Moradabad 
city area; mild to severe in Chandausi and very mild to moderate in 
Sambhal (Table 52). 
b. Vegetable Crops : Among the vegetable f ie lds , eggplant and 
cucumber fields were equally infested showing 66.76% frequency which 
was higher than any other vegetable f ie lds . The incidence was 27.27% 
in pepper; 25% in tomato; and 20% in okra fields (Table 53, Fig. 45). 
The incidence of disease in infected root samples was highest 
on eggplant roots (68%). On rest of the vegetables incidence was 
below 40%. It was 38.89%, 36.84%, 30.61% and 13.64% on cucumber, 
tomato, pepper and okra respectively (Table 53, Fig. 45). 
Eggplant was most severely affected crop in Moradabad d i s t r i c t . 
Highest disease intensity was recorded on eggplant on the basis 
of both GI and EMI (mean). The intensity was moderate to very 
severe on eggplant; mild to severe on tomato and pepper; mild to 
very severe on cucumber; and very mild to severe on okra, based on 
GI (range). On the basis of EMI (range), intensity ranged between 
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153 
mild to very severe on eggplant; mild to moderate on tomato, cucumber 
and okra; and very mild to severe on pepper (Table 53). 
i i . Identity and frequency of root-knot nematodes in the localities. 
a. Identity of the species : M. incognita and M. javanica identified 
to be present in the d is t r ic t (Fig. 43) . Single population of M. 
incognita and M. javanica and mixed population of both the species 
were found in all the localities except Sambhal where mixed population 
was not found (Table 54). 
b. Frequency of the species in single and mixed populations : In single 
population, frequency of M. javanica was greater than M. incognita 
in Moradabad city area and Chandausi but in Sambhal M^ . incognita 
was more frequent (Table 54, Fig. 46) . Among the local i t ies , both 
M. incognita and M. javanica were more frequent in Sambhal than 
in other two local i t ies . Lowest frequency values were found in Chandausi 
(Table 54). 
Frequency of mixed population of the species was greater 
in Moradabad city area than single populatiou of ei ther species. 
In Chandausi, however, single population of both M. incognita and 
M. javanica were more frequent (Table 54, Fig. 46). Among the local i t ies , 
frequency of mixed population was much higher in Moradabad city 
area than Chandausi (Table 54). 
c . Frequency of the species in total infected samples : In total 
infected root samples, frequency of M. javanica was greater than 
M. incognita in all the localities except Sambhal where M. incognita 
was more frequent (Table 55, Fig 46). 
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When frequency of occurrence of the same spec ie s in different 
l oca l i t i e s was compared, i t was obse rved tha t M. incognita and M. -javanica 
showed h ighe r frequency in Moradabad c i t y a rea than Shambhal and 
Chandaus i . M. javanica was equal ly frequent in Chandausi and Sambhal 
(Table 5 5 ) . 
i i i . Identity and frequency of the races 
Three r ace s of M. incognita v i z . , Race 1, Race 2 and Race 4 
were ident i f ied to be p resen t in the d i s t r i c t ( F i g . 4 3 ) . Race 1 was 
found in a l l t he l o c a l i t i e s . Race 2 was p resen t in Moradabad c i ty 
a rea and Chandaus i . It was not found in Sambhal . Race 4 was de tec ted 
only in Moradabad c i ty a r e a . Frequency of Race 2 was g r e a t e r than 
Race 1 and Race 4 in Moradabad c i ty a r e a . In Chandausi Race 1 
was more frequent than Race 2 (Table 56, F i g . 4 7 ) . 
Among the l o c a l i t i e s . Race 1 showed h i g h e r frequency in 
Sambhal than o the r two l o c a l i t i e s . Frequency of Race 2 was much 
g rea t e r in Moradabad c i ty a rea than Chandaus i . In Moradabad c i ty 
a rea only Race 4 was found, so i t s frequency was 100% (Table 56 ) . 
10. PAURI GARHWAL 
i . Incidence and intensity of the d i sease . 
a. Vegetable f i e lds : Surveys were conducted in Paur i Garhwal c i ty 
a r e a , Byasgha t , Kotdwar, Sr inagar and Kanda in Paur i Garhwal d i s t r i c t 
(F ig . 4 8 ) . Root samples of vegetable were col lec ted from f ie lds 
in a l l t he l oca l i t i e s except Kanda where no ex tens ive vegetable cul t ivat ion 
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was found. The incidence of the d i s ea se in vege tab le f i e lds was 
h ighes t (54.55%) in Kotdwar. In o ther t h r e e l o c a l i t i e s , incidence 
was below 50%. In both Paur i Garhwal c i ty a rea and Sr inagar , incidence 
was 40% and in Byasghat i t was 37.50% (Table 57, F i g . 4 9 ) . 
On root sample b a s i s , incidence was a lso h ighes t (55%) in 
Kotdwar followed by Srinagar (53.33%). Incidence was 32% in Byasghat 
and 30% in Paur i Garhwal c i ty a rea (Table 57, F i g . 4 9 ) . 
On the b a s i s of mean GI, in tens i ty of the d i s ea se was h ighes t 
in Paur i Garhwal c i ty a rea as well as in Kotdwar . But on the b a s i s 
of mean EMI in tens i ty was h ighes t in Paur i Garhwal c i ty a r e a . On 
the b a s i s of GI (range) in tens i ty was mild to s eve re in Paur i Garhwal 
c i ty a rea and Kotdwar; and mild to moderate in Byasghat and Sr inagar . 
On EMI (range) b a s i s , in tens i ty was ve ry mild to moderate in Paur i 
Garhwal c i ty a rea and Kotdwar; and ve ry mild to mild in Byasghat 
and Srinagar (Table 5 7 ) . 
b . Vegetable crops : The incidence of d i sease in eggplant f i e lds 
was h ighe r than o k r a , tomato and p e p p e r f i e l d s . The incidence was 
57.14% in eggplant and 50% in p e p p e r f i e l d s . In tomato and okra 
f ie lds i t was l e s s than 50%. The incidence of d i sease on root sample 
b a s i s was h ighes t on okra (51.43%) and lowest (30.30%) on tomato. 
It was 48% and 47.62% on eggplant and p e p p e r r e s p e c t i v e l y (Table 58, 
F ig . 50 ) . 
Highest in t ens i ty based on mean GI and EMI was obse rved 
on eggplant . On the b a s i s of GI ( r a n g e ) , in tens i ty was mild to seve re 
on eggplant , okra and p e p p e r ; and mild to moderate on tomato. In tensi ty 
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was very mild to moderate on eggplant, tomato and pepper; and very mild 
to mild on okra on EMI (range) basis (Table 58). 
i i . Identity and frequency of root-knot nematodes in the localities. 
a. Identity of the species: Meloidogyne incognita, M. javanica and M. hapla 
were found infecting the vegetables in the d is t r ic t (Fig. 48). M^ . incognita and 
M^ . javanica were found both in single or mixed populations. They were also 
found together mixed with M^ . hapla. M^ . hapla was, however, not recorded 
in single population (Table 59). 
b . Frequency of the species in single and mixed populations: Frequency of 
M. javanica in single population was higher than M. incognita in both the 
localities where they occurred (Table 59, Fig. 51). Among the locali t ies , 
frequency of both M. incognita and M. javanica was higher in Kotdwar than 
Pauri Garhwal city area. M^ . hapla was not observed in single population 
in any locality (Table 59). 
Mixed populations of M^ . incognita and M^ . javanica or M^ . incognita, M. 
javanica and Nd. hapla were recorded in all the local i t ies . Frequency of mixed 
population of M^ . incognita and M^ . javanica was greater than frequency of 
mixed population of \ 1 . incognita, U. javanica and M. hapla in Pauri Garhwal 
city area and Kotdwar. In other two locali t ies , frequency of mixed population 
of all the three species was greater (Table 59, Fig. 51). 
In mixed population, M. incognita and M. javanica combination and M. 
incognita, M.javanica and M.hapla combination, among the local i t ies , were more 
frequent in Kotdwar than in other three localities (Table 59). 
c. Frequency of species in total infected samples : In total infected 
root samples regardless of single or mixed populations, frequency 
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of M. javanica was h ighe r than M. incognita and M. hap la in Paur i 
Garhwal c i ty a rea and Kotdwar. In Byasghat and Sr inagar , frequency 
of both the spec ie s was 100%. M. hap la showed 62.50% frequency 
in both the l oca l i t i e s (Table 60, F i g . 51 ) . Among the l o c a l i t i e s , 
frequency of a l l t he t h r e e s p e c i e s , M. incogni ta , M. javanica and 
M. hap la was h ighes t in Kotdwar . M. incognita was equa l ly frequent 
in Byasghat and Srinagar and i t s frequency was lowes t . S imi l a r ly , 
M. javanica was equal ly frequent in Byasghat and Sr inagar . Frequency 
of M. hap la was lowest in Paur i Garhwal c i ty a rea (Table 6 0 ) . 
i l l . Identity and frequency of the races . 
Race 1, Race 2 and Race 4 were d i f fe ren t ia ted in M. incognita 
populat ions of the d i s t r i c t (F ig . 4 8 ) . All t he t h r e e r ace s were obse rved 
in Paur i Garhwal c i ty a r e a . Race 2 and Race 4 were noticed in Kotdwar. 
Only Race 2 was p resen t in Srinagar and Race 4 in Byasghat . 
Frequency of Race 2 was g rea t e r than Race 1 and Race 4 
in Paur i Garhwal c i ty a r e a . Race 2 was more i requent than Race 4 
in Kotdwar . Frequency of Race 2 and Race 4 was 100% in Srinagar 
and Byasghat r e s p e c t i v e l y (Table 6 1 , F ig . 5 2 ) . Among the l o c a l i t i e s , 
frequency of Race 1 was 100% because i t was not encountered in any 
o the r l o c a l i t i e s . Race 2 was more frequent in Kotdwar than Srinagar 
and Pauri Garhwal c i ty a r e a . Race 4 was a lso more frequent in Kotdwar 
than o the r two loca l i t i e s of i t s occurrence (Table 6 1 ) . 
11. RAMPUR 
i . Incidence and intensity of the d i s e a s e . 
a . Vegetable f i e lds : Rampur c i ty a r e a , Shahabad , B i l a spu r , Tanda 
and Kemri l oca l i t i e s of Rampur d i s t r i c t were su rveyed ( F i g . 53 ) . 
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Root samples of vegetable crops were collected from all the localities 
except Kemri where no extensive vegetable cultivation was found. 
The incidence of the disease in vegetable fields was highest (72.73%) 
in Rampur city area followed by Shahabad (50%). Disease incidence 
was less than 50% in the remaining two localities (Table 62, Fig. 54). 
The incidence, on root sample bas i s , was also highest in 
Rampur city area. Nearly 60% root samples from Rampur city area 
were infected. In Shahabad, Bilaspur and Tanda per cent incidence 
of disease was 39.05, 38.82 and 41.64 respectively (Table 62, Fig. 54). 
The disease intensity was highest in Rampur city area, on 
the basis of mean GI/EMI. The intensity was mild to very severe 
in Rampur city area and Bilaspur; mild to severe in Shahabad and 
Tanda, based on GI ranges. The intensity was very mild to moderate 
in Shahabad and Tanda; and mild to moderate in Bilaspur, on EMI 
(range) basis (Table 62). 
b. Vegetable Crops : Highest incidence of the disease among vegetable 
crops was found in eggplant f ie lds . Sixty five per cent eggplant 
fields were infested in the d i s t r i c t . Sixty per ce t of tomato fields 
were also infested. In other vegetable fields incidence was less 
than 50% (Table 63, Fig. 55). 
The incidence of disease in infected root samples was highest 
on okra (54.40%), rest of the vegetables incidence was below 50% 
(Table 63, Fig. 55). 
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Eggplant was also most severely affected crop in Rampur 
dis t r ic t as well . The disease intensity was mild to very severe 
on eggplant, okra and cucumber; and mild to severe on tomato and 
pepper, on the basis of GI (range). On EMI ranges the intensity 
was mild to very severe on eggplant; very mild to moderate on 
tomato, pepper and cucumber; and mild to moderate on okra (Table 63). 
i i . Identity and frequency of root-knot nematodes in the localities. 
a. Identity of the species : Three species of Meloidogyne v i z . , 
M. incognita, M. javanica and M. arenaria were recorded in the 
dis t r ic t (Fig. 53). Single population of M. incognita or M^ . javanica 
and mixed populations of M. incognita and M. javanica or M. incognita 
and M. arenaria or M. incognita. M^ . javanica and M. arenaria were 
encountered in the d i s t r i c t . Mixed population of M. incognita and 
M. javanica was observed in al l the included localities of the d i s t r i c t . 
But mixed populations of M^ . incognita and M^ . arenaria, M[. incognita, 
M. javanica and M. arenaria were present only in Rampur city area 
and Shahabad (Table 64). 
b. Frequency of the species in single and mixed populatimis : The 
frequency of single population of M. javanica was greater than M. 
incognita in all the localities (Table 64, Fig. 56). Among local i t ies , 
frequency of both U^. incognita and ^ . javanica was much greater 
in Rampur city area than in other local i t ies . Both species were 
least frequent in Tanda. M. arenaria was not observed in single 
population in any locality (Table 64). 
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Frequency of mixed population of M. incognita and M. javanica 
was higher in all the localities than frequency of other combination 
of the species . The frequency of mixed population of M. incognita 
and M. arenaria was greater than frequency of the three species 
combination both in Rampur city area and Shahabad. Frequency of 
mixed population of all the three species was comparatively low 
being 5.0% and 2.44% in Rampur city area and Shahabad respectively 
(Table 64, Fig. 56). Frequency of mixed population of M. incognita 
and M. javanica among the localities was greater in Rampur city 
area than in other three local i t ies . Lowest frequency was found in 
Bilaspur. The frequency of mixed population of M. incognita and 
M. arenaria was greater in Shahabad than Rampur city area . But 
the frequency of mixed population of all the three species was greater 
in Rampur city area than Shahabad (Table 64). 
c . Frequency of the species in total infected samples : When the 
frequency of species in total infected root samples regardless of single or 
mixed populations was analysed, frequency of M. incognita was 
greater than M. javanica in Rampur city area and Shahabad. In other 
two local i t ies , Bilaspur and Tanda, frequency of M. javanica was 
greater than M. incognita. M. arenaria was least frequent species 
in both the localities where it was recorded (Table 65, Fig. 56). 
Among the local i t ies , on the basis of total root samples, 
frequency of both M. incognita and M. javanica was greater in Rampur 
city area followed by Shahabad, Bilaspur and Tanda in th is order . 
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The frequency of M. arenaria was greater in Rampur city area than 
in Shahabad (Table 65). 
i i i . Identity and frequency of the races. 
All the four races of M^ . incognita and Race 2 of M. arenaria 
were identified in the d is t r ic t (Fig. 53). Race 1 and Race 2 of 
M. incognita existed in al l the localit ies except Bilaspur where 
only Race 2 was observed. Frequency of Race 2 was greater than 
Race 1 in all the localities where both were observed. Race 3 was 
recorded only in Rampur city area and Shahabad. Its frequency was 
less than Race 1 and Race 2 in both the local i t ies . Race 4 was observed 
in Rampur city area and Tanda. It also showed less frequency values 
in comparison to Race 1 and Race 2. In Rampur city area i ts frequency 
was greater than Race 3 . In M. arenaria populations from Rampur 
city area and Shahabad only Race 2 was found. Consequently, i ts 
frequency in both the localities was 100% (Table 66, Fig. 57). 
When frequency of a particular race among the localities 
was compared, i t emerged that Race 1 was more frequent in Rampur 
city area than Shahabad and Tanda. Race 2 was equally frequent 
in Rampur city area and Bilaspur. Its frequency was comparatively 
lower in Tanda. Race 3 and Race 4 were more frequent in Rampur 
city area than Shahabad and Tanda respect ively. Frequency of M. arenaria 
among the two localities was greater in Rampur city area than Shahabad 
(Table 66). 
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OVERALL ASSESSMENT 
i . Incidence and intensity of the d i sease in the study area 
a. Vegetable f i e lds : In o v e r a l l assessment of the incidence of root -knot 
d i s ea se on vege tab les in the e leven d i s t r i c t s of ' s s tern Uttar P r a d e s h 
included in the s tudy a r e a , incidence of the d i s ea se in cul t iva t ion uni ts 
was 49.90%. Amongst t h e d i s t r i c t s i t was h ighes t in Aligarh being 65.52%. 
In Agra, B a r e i l l y , Budaun, Dehradun and Rampur t h e incidence was above 
50%. In r e s t of the d i s t r i c t s , i t was below 50%; lowest being 35.14% 
in Mathura . On the b a s i s of root s amp le s , t he o v e r a l l incidence was 
50.18%. The h ighes t incidence was found in Dehradun (66.17%) followed 
by Budaun (64.62%). The d i s ea se incidence was above 50% in Agra, Aligarh 
and Bare i l ly d i s t r i c t s . In the remaining d i s t r i c t s , i t ranged from 37.86% 
to 46.41%; lowest being in Mathura (Table 67 , F i g . 5 8 ) . 
Wide range of va r i a t i ons were r e c o r d e d in t h e in tens i ty of 
t h e d i s e a s e , de termined on t h e b a s i s of GI/EMI. Var ia t ions were noted 
from f ie ld to f i e l d , c rop to c rop or even from sample to s amp le . 
The mean GI/EMI was h ighes t in Agra d i s t r i c t and lowest in Paur i 
Garhwal d i s t r i c t . The in tens i ty range was mild to v e r y seve re in 
Agra, Al iga rh , Bi jnor , Budaun, Mathura and Rampur; v e r y mild to 
ve ry seve re in B a r e i l l y , Dehradun, Etah and Moradabad; and mild 
to s eve re in Paur i Garhwal on t h e b a s i s of GI. On EMI b a s i s , in tens i ty 
v a r i e d from mild to v e r y s eve re in Agra, Bijnor; v e r y mild to 
s eve re in Budaun, Mathura and Dehradun; v e r y mild to moderate 
in Paur i Garhwal and v e r y mild to ve ry s eve re in the remaining 
five d i s t r i c t s (Table 6 7 ) . 
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FIG.58 : INCIDENCE OF ROOT - KNOT DISEASE ON VEGETABLE CROPS IN 11 DISTRICTS 
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b. Vegetable crops: The disease incidence was highest in eggplant 
fields (66.25%). In the fields of other vegetables, the incidence 
was below 50%. It ranged from 40.78% to 42.57%. On root sample 
bas is , the highest incidence was also observed on eggplant (61.71%). 
The incidence on the remaining vegetables was less than 50%, ranging 
between 42.54% and 45.93% (Table 68, Fig. 59). 
The intensity of the disease in root samples " i s also highest 
on eggplant, according to mean GI/EMI values. The intensity on GI (range) 
bas i s , was mild to very severe on eggplant and pepper; and very 
mild to very severe on tomato, okra and cucumber. However, on 
EMI (range) bas i s , it was very mild to very severe on eggplant; 
very mild to severe on tomato, pepper , cucumber; and nil to severe 
on okra (Table 68). 
i i . Identity and frequency of the species in different districts 
a. Identity of the species: M. incognita, M. javanica, M. arenaria and 
M. hapla were identified to be present in the study area. M. incognita 
and M. javanica were encountered in al l the 11 d is t r ic t s of the study 
area. M. arenaria was found only in Aligarh, Bareil ly, Dehradun 
and Rampur d i s t r i c t s . M. hapla was restr ic ted to Dehradun and Pauri 
Garhwal d is t r ic t s (Fig. 2 ) . 
b. Frequency of the species in single population: M. incognita and 
M. javanica in single population were found in all the d i s t r i c t s . 
Single population of M. arenaria was recorded only in Aligarh d i s t r i c t . 
M. hapla was not observed in single population in both the d is t r ic ts 
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where it occurred. Frequency of M. javanica was comparatively greater 
than M. incognita in all the d is t r ic t s of the study area except Moradabad. 
In Moradabad, frequency of M. incognita was slightly greater than 
M. javanica. Frequency of M. arenaria in Aligarh d i s t r i c t , where 
only it was found in single population, was relat ively much poor 
in comparison to M. incognita or M. javanica (Table 69, Fig. 60). 
The per cent occurrence of single population of the root-knot 
nematodes in the 11 d is t r ic t s was 70.48 (Table 73). In total 1060 
root samples were infected with single population of root-knot nematodes. 
Of 1060 infected root samples, 399 contained M. incognita; 649 M. javanica 
and 12 M. arenaria in single population. The per cent occurrence 
was 37.64, 61.23 and 1.13 of M. incognita, M. javanica and M. arenaria 
respectively (Table 73, Fig. 64). 
When frequency of occurrence of a species was compared among 
the 11 d is t r ic t s of the study area, i t was observed that frequency 
of both U. incognita and M^ . javanica was greater in Aligarh than 
in the rest of the d is t r ic t s (Table 69). 
c. Frequency of the species in mixed populations: Mixed populations 
of 5 combinations of Meloidogyne species were recorded from the 
study area (Table 70). M. incognita mixed with M. javanica was 
present in all the d i s t r i c t s . Mixed population of M. incognita and 
M. arenaria was found in Aligarh, Bareilly and Rampur d i s t r i c t s . 
M. arenaria mixed with M. hapla was present only in Dehradun d i s t r i c t . 
M. incognita, M. javanica and M. arenaria together were found in 
Aligarh, Dehradun and Rampur d i s t r i c t s . M. incognita, M. javanica 
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and M. hap la toge ther were p re sen t in Dehradun and Paur i Garhwal 
d i s t r i c t s (Table 7 0 ) . Frequency of occurrence of mixed populat ions 
of U_. incognita and M. javanica was g rea t e r than o the r combinations 
in Al iga rh , Bare i l ly and Rampur. Frequency of M. incogni ta , M^ . 
javanica and M. hapla was g rea t e r than o the r combinations in Dehradun 
and Paur i Garhwal d i s t r i c t s . Frequency of M. incognita , Nl. javanica 
and M^ . a r ena r i a in Aligarh and Rampur was lower than any o ther 
spec ies combination (Table 70, F ig . 61 ) . 
The p e r cent occurrence of mixed popula t ions of root -knot 
nematodes was 29.52 in the d i s t r i c t s of the s tudy a rea in cont ras t 
to 70.48% of single popula t ions (Table 7 3 ) . Out of 1504 infected 
root s a m p l e s , 444 showed mixed popula t ions of var ious combinations 
of s p e c i e s . M. incognita + M. javanica combination was most f r e q u e n t ; 
i t s p e r cent occurrence being 70 .05 . The p e r cent occurrence for 
M. incognita + M. a rena r i a was 10.59; for M. a r ena r i a + M. hap la 
1.13; for M. incognita + M. javanica + M. a r ena r i a 8.55 and for 
M. incognita + M. j avanica + M. hap la 9.68 (Table 73 , F i g . 6 4 ) . 
When frequency of mixed popula t ions of di f ferent spec ie s was 
compared among the d i s t r i c t s , frequency of mixed popula t r ion of M. incognita 
and Nd. javanica was h ighes t in Aligarh followed by Rampur. Frequency 
of mixed populat ion of M. incognita and M. a r ena r i a was a l so h ighes t 
in Aligarh followed by Bare i l ly and Rampur. Mixed populat ion of 
M. a r ena r i a and M. hap la was found only in Dehradun. Frequency 
of mixed populat ion of M. incogni ta , M. javanica and M. a r ena r i a 
was h ighes t in Dehradun than in o the r two d i s t r i c t s , where t h i s combination 
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occurred. Mixed population of M. incognita, M. javanica and M. 
hapla encountered in Pauri Garhwal and Dehradun was greater in the 
former than in the lat ter d is t r ic t (Table 70). 
d. Frequency of the species in total infected samples : In total infected 
root samples, regardless of single or mixed populations, the root-
knot nematode species recorded in the area showed variations in their 
frequency in different d i s t r i c t s . M. incognita and M. javanica were 
recorded from all the d i s t r i c t s . Frequency of M. javanica was 
greater than M. incognita in all the d is t r ic t s except one dis t r ic t 
i . e . Moradabad. In Moradabad d is t r ic t M. incognita was marginally 
more frequent than M. javanica in infected root samples. M. arenaria 
recorded in Aligarh, Bareil ly, Dehradun and Rampur showed less 
frequency than M. incognita and M^ . javanica in all the four d i s t r i c t s . 
M. hapla was recorded only from Dehradun and Pauri Garhwal. Its 
frequency was greater than \1 . arenaria in Dehradun and lower than 
M. incognita and M. javanica in both the d is t r ic t s (Table 71, Fig. 62). 
Out of 1504 infected root samples, 838 root samples possessed 
M. incognita, 1041 M. jayanica, 102 M. arenaria and 48 M. hapla 
populations. The per cent occurrence for M. incognita, M. javanica, 
M. arenaria and M. hapla i rrespect ive of single or mixed population 
of species, in total infected root samples was 55.72, 69.21, 6.78 
and 3.19 respectively (Table 74, Fig. 65). 
M. javanica and M. incognita were therefore, more frequent 
species, M. javanica showed dominance over M. incognita. Among the 
d i s t r i c t s , frequency of M. incognita in total infected root samples 
was highest in Aligarh followed by Rampur and Bareilly. Frequency 
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of M. javanica was a l so h ighes t in Aligarh followed by Rampur, B a r e i l l y , 
Agra, Mathura, Bijnor, Dehradun, E t ah , Paur i Garhwal , Moradabad 
and Budaun d i s t r i c t s in t h i s o r d e r . Among the d i s t r i c t s where M. a renar ia 
was found, i t s frequency was h ighes t in Aligarh followed by- Dehradun, 
Rampur and B a r e i l l y . Between the d i s t r i c t s , frequency of M. hapla 
was g rea t e r in Dehradun' than in Paur i Garhwal (Table 7 1 ) . 
i i i . Identity and frequency of races 
All the four races of M. incognita i . e . Race 1, Race 2 , Race 3 
Race 4 and Race 2 of M. a rena r i a were r eco rded from the s tudy a r e a . 
All the four r ace s of M. incognita were found in Agra, Al igarh , B a r e i l l y , 
Dehradun and Rampur d i s t r i c t s . Race 1, Race 2 and Race 4 were 
present in Bijnor, Moradabad and Paur i Garhwal d i s t r i c t s . In M. incognita 
populat ions of Budaun, Etah and Mathura, only Race 1 and Race 2 
were d i f fe ren t ia ted (Table 72 ) . 
Frequency of Race 2 of M^ . incognita was g rea t e r than Race 
1 in a l l t he d i s t r i c t s excep t Moradabad. Frequency of Race 3 which 
was r eco rded in 5 d i s t r i c t s , was l e s s than frequency of Race 1, Race 2 
and Race 4 in Agra, B a r e i l l y , Dehradun and Rampur, but was g rea t e r 
than Race 4 in Aligarh and Race 1 in Dehradun (Table 72, F ig . 63 ) . 
Out of 838 root samples with M. incognita populat ions ana lysed , 
274 were infected with Race 1. 393 with Race 2 , 62 with Race 3 
and 109 with Race 4 . The pe r cent occurrence of Race 1, Race 2 , 
Race 3 and Race 4 was thus 32.70, 46 .89 , 7.40 and 13.01 r e s p e c t i v e l y . 
Race 1 and Race 2 were more frequent than o the r two r a c e s . Race 2 
predomina ted . Race 3 was l eas t frequent (Table 75, F ig . 66 ) . 
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Among the d i s t r i c t s , frequency of Race 1 was h ighes t in Aligarh 
and lowest in Paur i Garhwal . Frequency of Race 2 was a lso h ighes t 
in Aligarh and lowest in Moradabad. Frequency of Race 3 was h igher 
in Aligarh than in Dehradun, Rampur, Bare i l ly and Agra d i s t r i c t s . 
Frequency of Race 4 was h ighes t in Aligarh and Dehradun and l eas t 
in Moradabad (Table 7 2 ) . 
Nl. a rena r i a was found in Al iga rh , B a r e i l l y , Dehradun and 
Rampur d i s t r i c t s . I t s populat ions in a l l 102 infected root samples 
collected from al l t he 4 d i s t r i c t s contained only Race 2 (Tables 72, 75 , 
F i g s . 63 , 66 ) . Among the d i s t r i c t s , i t s frequency was h ighes t in 
Aligarh followed by Dehradun, Rampur and Bare i l ly (Table 72 ) . 
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Table 73 . Per cent occurrence of root-knot nematodes in single and mixed 
populations in 11 d i s t r i c t s of Western Uttar Pradesh. 
Population of 
Meloidogyne 
spec ies 
Single population 
M. incognita 
M. javanica 
M. a rena r i a 
Mixed population 
Mi + Mj 
Mi + Ma 
Ma + Mh 
Mi + Mj + Ma 
Mi + Mj + Mh 
Mi = M. incognita; 
Total number Total number 
of samples with of samples with 
infection single or mixed 
population 
1504 
1060 
444 
No. of 
samples 
with the 
spec ies 
399 
649 
12 
311 
47 
05 
38 
43 
Mj = M. javan ica ; Ma = M. a r e n a r i a ; Mh = 
Per cent 
occurrence 
70.48 
37.64 
61.23 
01.13 
29.52 
70.05 
10.59 
01.13 
08.55 
09.68 
M. h a p l a . 
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Table 74 . Per cent occurrence of root-knot nematodes in total infected 
samples in 11 d i s t r i c t s of Western Uttar Pradesh. 
Meloidogyne 
spec ie s 
Total number 
of samples 
infected with 
Meloidogyne 
spec ies 
No. of samples 
with the 
spec ie s 
Per cent 
occurrence 
of the 
spec ies 
1504 
M. incognita 
M. javanica 
M. arenaria 
M. hapla 
838 
1041 
102 
48 
55.72 
69.22 
06.78 
03.19 
Note : In calculat ion of pe r cent occurrence both single and mixed 
populat ions of the spec ies in the samples have been inc luded . 
Table 75. Per cent occurrence of races of Meloidogyne incognita and 
M. 
Races of 
Meloidogyne 
M. incognita 
Race 1 
Race 2 
Race 3 
Race 4 
M. arenaria 
Race 1 
Race 2 
arenaria in 11 d i s t r i c t s 
Total number of 
samples infected 
with Meloidogyne 
spec ies 
838 
* 
102 
of Western Uttar 
No. of samplei 
with the 
274 
393 
62 
109 
Nil 
102 
race 
Pradesh . 
s Per cent 
occurrence 
of the race 
32.70 
46.89 
07.40 
13.01 
Nil 
100.00 
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DISCUSSION 
Root-knot nematodes , Meloidogyne spec i e s a re p a r a s i t e s of global 
s igni f icance . M. incognita , M. j avan ica , M. a rena r i a and M. hap la a re 
ca l led major spec ie s of root -knot nematodes because of t h e i r enormous 
importance in ag r i cu l tu ra l s o i l s . They a t t ack many k inds of vege tab les 
grown in var ious agro-c l imat ic zones of the world (Sas se r , 1980; Taylor 
e^ al^., 1982). The r e s u l t s of the p resen t inves t iga t ions showed r e l a t i v e l y 
high incidence of root -knot d i sease in vegetable f ie ld p lo t s in the s tudy 
a r e a , compris ing of 11 d i s t r i c t s of western Uttar P r a d e s h covering an 
a rea of 49,086 km^. Nearly 50% of vegetable f i e lds were infested as 
ev iden t from ove ra l l incidence of the d i s e a s e . The d i s ea se incidence 
was a l so above 50% in s ix d i s t r i c t s v i z . , Agra, Al igarh , B a r e i l l y , Budaun, 
Dehradun and Rampur. In r e s t f i v e d i s t r i c t s (Bi jnor , E tah , Mathura, 
Moradabad and Paur i Garhwal) the incidence was, however , below 50%. 
About 50% of the root samples r e g a r d l e s s of the vegetable c rop or loca l i ty 
contained r o o t - k n o t . On the b a s i s of root s amp le s , incidence was above 
50% in Agra, Al igarh , B a r e i l l y , Budaun and Dehradun (Table 67, F ig . 58) . 
Overa l l in tens i ty of the d i sease was a lso high in the a r e a . 
The mean GI values were more than 3 in most of the d i s t r i c t s . The 
mean EMI values were a lso g rea t e r than 3 in Agra, Al iga rh , Bare i l ly 
and Bijnor d i s t r i c t s . A great degree of va r ia t ion in each d i s t r i c t or 
loca l i ty was , however , found in the in tens i ty of the d i s e a s e . It ranged 
from ve ry mild to ve ry s e v e r e . The mean and range of GI and EMI indica ted 
tha t vegetable c rops in general a re suffering subs tan t i a l ly and the spec ies 
of root -knot nematodes a re reproducing eff ic ient ly and th r iv ing well 
in the a r e a . 
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The incidence of root-knot disease was highest in eggplant fields 
(66.25%). In the fields of remaining four vegetables, incidence was also 
above 40%. On root samples basis also, eggplant showed highest incidence. 
The incidence ranged from 42.54% to 50.18% on other vegetables (Table 68, 
Fig. 59). The mean GI on eggplant was 3.6. It ranged from 2.8 to 3.2 
on other vegetables. The mean EMI on eggplant was 3 . 1 . Other vegetables 
showed a range of 2 .2-2.6. The overall intensity was from very mild 
to very severe and from nil to very severe on the basis of GI and 
EMI ranges respectively (Table 68). These results demonstrate that eggplant 
is most affected vegetable crop of the area and liable to suffer heavy 
losses . 
Though root-knot nematodes possesses an extensive host range 
which encompasses a variety of crops or groups of crops, vegetables 
are considered as their most preferred and congenial hosts . In all agro-
climatic zones of the world, they are readily attacked by root-knot 
nematodes and suffer enormous crop damages. Their significance as major 
parasites of vegetables and other crops under different climatic conditions 
was reviewed and eloquently discussed by Franklin (1979), Sasser (1979) 
and Lamberti (1979). Franklin (1979) remarked that since a wide and 
diverse area of the world have cool and temperate climates, the crops 
affected by root-knot nematodes show variations in kind and relative 
value of the crop in different areas . She listed a number of vegetable 
crops such as tomato, cucumber, carrots , potatoes, lettuce, brassicas , 
legumes that are damaged by root-knot nematodes in different countries 
of Europe and Pacific. While comparing the problem of cool and temperate 
climates to the situation in the t ropics , she stated that crop losses 
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in cool temperate climates in comparison to tropics are negligible but 
s t i l l root-knot nematodes cause problem and losses are very real to 
the farmers in cold climates because in isolated instances, field crops 
may be completely lost particularly where conditions favour the nematodes 
such as on sandy soils and in glasshouses. The economic losses depend 
not only on the disease severity but also on the cash value of the crop. 
Lamberti (1979) reviewed the economic losses caused by root-
knot nematodes in sub-tropical and Mediterranean climates. He enlisted 
a number of crops including vegetables which suffer economic damages 
in the countries of Mediterraean region. The l i s t included several vegetables 
from the families of Solanaceae, Cucurbitaceae, Asteraceae, Fabaceae, 
Liliaceae, Chenopodiaceae, Apiaceae, Brassicaceae and Malvaceae. 
Sasser (1979) reviewing the distr ibution, pathogenicity and relative 
importance of root-knot nematodes in the tropics expressed that from 
the data available there was l i t t le doubt that crop losses were very 
real and large. The estimated per cent loss due to root-knot nematodes 
on vegetables ranged from 15 to 30. He remarked that potential for 
damage caused by root-knot nematodes is even present in the t ropics . 
According to Mai (1985) i t is very difficult and sometimes impossible 
to grow important vegetables such as tomatoes in tropics and semi-tropics 
because of root-knot nematodes particularly M. incognita. In relation 
to importance of root-knot nematodes in different climatic conditions, 
it can be generalized that they are relatively more important in tropical 
and sub-tropical climates of the world than temperate climates. 
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The potential of root-knot nematodes in India, with tropical 
and sub-tropical climatic conditions almost throughout the country, in 
attacking crop plants and causing economical damages is apparently great. 
On crop damages, caused by root-knot nematodes part icularly on vegetables, 
some sporadic reports are available which indicate their significance 
in the country. But several of these reports have resulted from artificial 
inoculation tests (Reddy, 1981; Krishnappa et^  al^., 1981). Krishnappa (1985) 
in his review on the work done on root-knot nematodes in India recognised 
that root-knot disease is most economically important on crop plants 
in India. He remarked, however, that estimates of losses in the country 
are infrequent, vague and not very precise . The prevailing situation 
emanates from lack of pursuance of well planned studies on distribution 
of root-knot nematodes and losses caused by them in different parts 
of the country. In a way, their real importance in India is yet to be 
recognized. In the present study, some of these aspects have been considered 
and findings show high incidence and intensity of the disease on the 
major vegetable crops grown in the area of study. Though the study 
has not estimated quantitatively the losses caused to vegetable crops, 
the wide spread occurrence of root-knot disease and level of infestations 
would certainly be reflecting in the productivity of the crops for the 
area. Perhaps comparable situation may emerge in other parts of the 
state of Uttar Pradesh; other states in the Indo-Gangetic plains; and 
other areas or states of the country which have similar climatic conditions 
and extensive cultivation of vegetable crops. The present study should 
encourage for such studies in other parts of the country. 
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The identity study of species of root-knot nematodes has revealed 
that all the four major species v i z . , M. incognita, M. javanica, M. 
arenaria and M. haplg. are present in the area. Their pattern of distr ibution, 
however, var ies . M- incognita and U_. javanica are widely dis t r ibuted, 
recognized in a l l the eleven dis t r ic ts of the study area. M^ . arenaria 
was not so frequent. It was recorded only in 4 d i s t r ic t s v i z . , Aligarh, 
Bareilly, Dehradun and Rampur. M. hapla showed a limited distribution 
being restr icted to Dehradun and Pauri Garhwal d i s t r ic t s (Table 71). 
In overall analysis M. javanica emerged as most frequent species of 
the area being dominant in all the d is t r ic t s except Moradabad. Even 
in Moradabad, M. incognita had only slight edge over M. javanica in 
terms of frequency. M. incognita was also widely distr ibuted species 
being present in all the d i s t r i c t s . It was, however, second in terms 
of relative dominance. Though the data secured from the study indicates 
that M. javanica is more frequent than U_. incognita in the area, the 
potential of M. incognita as a parasite of the vegetables can not be 
underestimated because barring a few localities it was also present in 
all localities of each dis t r ic ts and i ts frequency was not much below 
of M^ . javanica. . Its overall frequency was 55.72% in contrast 69.22% 
of W[. javanica. Therefore, it can be emphatically claimed that both 
the species are commonest and are frequently distr ibuted in the area 
and are potential danger to vegetable cultivation. M. arenaria and M^ . hapla 
occupied the thi rd (6.78%) and fourth (3.19%) positions with respect 
to relative dominance (Table 74). 
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Variations in species contents of different localities in the d is t r ic ts 
were, however, found. Such differences in species content and their 
concentration in specific localities have great significance in crop cultivation 
in that particular locality in relation to the selection of crops or cultivars 
taking their susceptibility into consideration for that given species 
or race . This information should help the management or extension nemato-
logists for the management of root-knot disease in the area. 
M. incognita is regarded as most important species of root-knot 
nematodes on world-wide bas i s . It constitutes a large portion of root-knot 
populations in t ropics . M. javanica ranks second in terms of frequency 
and relative importance followed by M. arenaria. M_. hapla is least 
common in tropics (Sasser, 1979, 1980). M^ . incognita in general, is 
also commonest in sub-tropical and Mediterranean climates. However, 
there are some countries, regions or areas wherefrom dominance of M^ . 
javanica has been reported. M^ . javanica has been found most common 
species in Northern Nigeria (Ogunfowora, 1978), Uganda (Bafokuzara, 
1981), Zimbabwe (Way, 1981), Central Western and Southern Tanzania 
(Whitehead, 1969), Bangladesh (Choudhury, 1981), Iran (Abivardi, 1978), 
western region of Libya (Dabaj and Khan, 1981) and Cyprus (Phi l i s , 1979). 
In such climates, M. javanica is the second most commonest species. 
M. arenaria is also world-wide in distribution but i ts local occurrence 
is less than M. incognita and M. javanica. M. hapla is also found in 
sub-tropical and Mediterranean climates (Lamberti, 1979). The climatic 
condition of the study area is considered as sub-tropical . The study 
area i s , however, cooler than the other sub-tropical par ts of India. 
The two d is t r ic t s (Dehradun and Pauri Garhwal) located in Himalayan 
tracts have cold climatic conditions (min. temp, range -6.0 to 6.1°C 
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and -5.4 to 7.5°C; maximum temperature range 19.1 to 36.2°C and 20.0 
to 38.2°C respect ive ly) . The species content and pattern of distribution 
in the study area are similar to those described for such climatic conditions 
(Sasser, 1979, 1980; Lamberti, 1979; Franklin, 1979). M. javanica and 
M. incognita are widely distributed as evident from thei r frequency. 
The relative dominance of M. incognita and M. javanica i s , however, 
not exactly similar. In th is area M^ . javanica have slight dominance 
over M^ . incognita, as observed in some countries or regions of the world 
l isted above. The restr icted distribution of M. hapla, being confined 
to localities in the d is t r ic ts of Dehradun and Pauri Garhwal at relatively 
high altitudes with low temperature demonstrates the role of temperature 
regulating i ts distribution which is rather well known for the species . 
The species were found either singly or in mixed populations 
(Table 69, 70). In single population also, M. javanica was most frequent 
in all the dis t r ic ts except Moradabad. In single population M^ . arenaria 
was found only in Aligarh and i ts frequency was very low. M. hapla 
was not observed in single population (Table 69, Fig. 60). Mixed population 
of M^ . incognita and M^ . javanica was found in all the d i s t r i c t s . M^ . incognita 
mixed with M^ . arenaria was detected in Aligarh, Bareilly and Rampur, 
and M^ . arenaria with M. hapla only in Dehradun. M^ . incognita, M. javanica 
and Kd. arenaria in three species mixed population were found in Aligarh, 
Dehradun and Rampur and M. incognita, M. javanica and M. hapla in 
Dehradun and Pauri Garhwal (Table 70, Fig. 61). The occurrence of 
mixed species population of Meloidogyne is common (Taylor, 1987) and 
similar records are available from several parts of the world (Taylor 
et a l . , 1982). 
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All t he four major spec ies of Meloidogyne were recognized to 
be p resen t in a l l the 8 geographica l regions of IMP excep t Region IV 
(West Africa) where M. hap la was not r e p o r t e d (Tables 1-9) . But a l l 
the four spec ie s were not found in each country and r e l a t i v e dominance 
of the spec ie s a lso appa ren t ly v a r i e d . Region-wise ana lys i s of occurrence 
or dominance of major spec i e s of Meloidogyne showed t h a t M .^ incognita 
was dominant spec ie s in IMP Region I (Mexico, Centra l America and 
Car ibbean) where i t was i n v a r i a b l y found in a l l t h e ten coun t r i e s . 
M. javanica and W[. a renar ia were r e p o r t e d from s ix and M^ . hap la from 
t h r e e countr ies (Lopez, 1981; Hutton, 1976, 1981; Sosa-Moss, 1985) 
(Table 2 ) . M. incognita , M. javanica and M. a rena r i a were r eco rded 
in a l l the 8 countr ies of the Region II (South America) excep t Venezuela 
where M[. javanica and M^ . a rena r i a were not found (Table 3 ) . All t he four 
major spec ie s of Meloidogyne have been found in Region I I I , Braz i l ( F e r r a z , 
1985) (Table 4 ) . In Region IV (West Africa) M^ . incognita and M^ . javanica 
were equa l ly f requent . M^ . a renar ia was a lso quite f requen t . M^ . hap la 
was , however , absent from the region (Table 5 ) . In the Region V (East 
Africa), Kl. incognita and M. javanica were equal ly frequent l i k e Region IV 
being p resen t in a l l the countr ies and dominated over M. a r e n a r i a . M^. hap la 
was r eco rded only from Tanzania (Swai, 1981) and Zimbabwe (Mart in, 
1957; R ichardson , 1978) (Table 6 ) . 
In the Region VI which included s e v e r a l countr ies of Asia (Table 7 ) , 
M. incognita and M. javanica were a lso equa l ly dominant as obse rved 
in a l l the 13 pa r t i c ipa t i ng countr ies of the reg ion . However, M. a renar ia 
was found in 9 countr ies being t h i r d in dominance. M. h a p l a . however , 
was r e p o r t e d from 6 countr ies v i z . , Japan (Nishizawa, 1981); Korea 
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(Choi, 1981); Pakistan (Maqbool and Saeed, 1981); Sri Lanka (Sivapalan, 
1981); Taiwan (Wang, 1978); and Philippines (Davide, 1981). In the 
neighbouring countries of India like Pakistan, Sri Lanka, Nepal, Bangladesh 
and Burma, M. incognita and M. javanica have been recorded. Occurrence 
oi U.. zx^VAxi-z. i.'a. Ra.o.gla.deah. •, Pais^istaja 3.ad Sri Lanka aad of M^ . hapla 
in Pakistan and Sri Lanka has also been reported (Choudhury, 1981; 
Myint, 1981; Hogger, 1981; Maqbool and Saeed, 1981; Sivapalan, 1981). 
In the Region VII which included 18 countries of Mediterranean and 
Middle East region, M. incognita and M. javanica. both are apparently 
dominant species and more frequent than M. arenaria and M. hapla, 
M. incognita and M. javanica were reported from all the 18 countries; 
M. arenaria and M. hapla from 10 and 7 countries respectively (Table 8 ) . 
The pattern of distribution and relative dominance of Meloidogyne 
species in the study area show that M^ . javanica and M. incognita are 
dominant species of the area. M. arenaria is less frequent. M. hapla is 
restr icted to hil ly d is t r ic t s with cooler climates. The occurrence 
of M^ . hapla is controlled by temperature of the area. It is generally 
found in areas with annual average temperature less than 15°C and at an 
elevation above 1000 m (Eisenback et^  al^., 1981; Sasser and Carter , 1985). 
The annual average temperatures of Dehradun and Pauri Garhwal are 11.7 
and 13.2°C and elevation of 1967.40-3022.50 m and 1970.50 m respectively 
above sea level supporting the presence of M^ . hapla in these d i s t r i c t s . 
The occurrence of mixed populations of the species in the area 
pa.rtic'ila.Yl^ i-^  ttve d i s t r i t t s l.ot:a.^ eti \ri plaitis are oi great significance 
for management programmes and strategies . M. incognita, M. javanica 
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and M. arenaria have almost overlapping ecological requirements. They 
inhabit in areas with average annual temperature between 15-33°C (Sasser 
and Carter, 1985). Their occurrence in mixed populations is also common 
in other parts of the world (Taylor et^  al^., 1982; Taylor, 1987). 
The reports available from 18 states of India (IMP Region VIII) 
with regard to the distribution of root-knot nematodes show that all 
the four major species of Meloidogyne are present in one or the other 
s tate . M. incognita has been reported from all the states except Jammu 
and Kashmir (Table 9 ) . Existence of M. javanica has been recognized 
in the states of Bihar, Haryana, Himachal Pradesh, Kerala, Rajasthan, 
Tamil Nadu, Uttar Pradesh, West Bengal and Union ter r i tor ies of Delhi. 
M. arenaria has been reported from Bihar, Delhi, Tamil Nadu, Uttar 
Pradesh and West Bengal. M. hapla has been recorded from Himachal 
Pradesh, Tamil Nadu and West Bengal (Table 9 ) . Recently Khan (1988) 
recognized the occurrence of M. hapla in some hilly d is t r ic t s of Uttar 
Pradesh. 
The present kind of study, therefore, has not been undertaken 
in any other state of the country. It is desirable to carryout such studies 
in other pa r t s , so that emerging informations, may help the management 
nematologists to tackle the problem of root-knot effectively and efficiently. 
A distribution map of root-knot nematodes for the country, based on 
such informations can be prepared which would of immense use for management 
nematologists, plant breeders , extension workers and growers. The job 
is of course not so easy but India with sufficient number of nematologists 
stationed in various regions of the country has potential to take up 
such a task and can achieve the target . 
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In many reports and studies on root-knot nematodes from Aligarh, 
M. incognita was advertently or inadvertently considered as the species 
responsible for the problem particularly on vegetables in Aligarh and 
adjacent areas . This contention somehow pers is ted . The findings of the 
present study disprove it and show that along with M^ . incognita, M. 
javanica is also quite frequent and potentially damaging species of the 
area. Moreover, M. arenaria is also present in the area with low frequency. 
Similarly in other d is t r ic ts M. javanica and M. incognita are quite frequent. 
M. javanica and M. incognita, the two common species of the area should 
call for attention of management nematologits and growers. Even though 
M. arenaria is not recognized very potentially damaging as M. incognita 
and M. javanica (Lamberti, 1979; Sasser, 1979, 1980), i t s significance 
in crop damages in the region needs to be worked out. 
All the 4 major species of Meloidogyne are reported from 22 
countries v i z . , Jamaica and Mexico (Region I ) ; Argentina, Bolivia, Chile, 
Colombia, Ecuador and Peru (Region I I ) ; Brazil (Region I I I ) ; Zimbabwe 
(Region V); Korea, Pakistan, Sri Lanka, Taiwan and Philippines (Region VI); 
Egypt, Iran, Morocco, Portugal, Turkey and Greece (Region VII) and 
West Bengal, Uttar Pradesh and Tamil Nadu states of India (Region VIII). 
But they have not been reported from any country of the Region IV. 
It may look too conjectural but the species content of an area 
or region may have some relationship with i ts agricultural h is tory . 
The agricultural history is related to the growth of civilization of an area 
or region. The Indo-Gangetic Plain, 2214 km long and 241 to 321 km broad, is 
formed by the basins of three distinct r ive r systems, the Indus, the 
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Ganga and the Brahamputra. It is one of the world 's greatest stretches 
of flat alluvium and also one of the most densely populated area on 
ear th . Agriculture was under practice since Indus Valley civilization 
about 4500 years ago. Now, India is a predominantly an agricultural 
country, and Indo-Gangetic Plains are one of the most ferti le land area 
of the world. The occurrence of all the 4 major species of Meloidogyne 
and all 4 races in M^ . incognita populations apparently show some relationship 
with the history of agriculture which gradually developed with the 
growth of civilization in the region. In Egypt, a comparable situation 
is noticed. The Nile Valley civilization in Egypt is very old and so 
is i ts history of agriculture. In this country too, all the 4 major species 
of Meloidogyne and the 4 races of M. incognita are reported to exist 
(Ibrahim, 1979, 1985; Elgindi and Moussa, 1979). 
Race 1, Race 2, Race 3 and Race 4 of M^ . incognita and Race 2 
of Kl. arenaria are distributed in the study area (Table 72, Fig. 63). 
Race 1 and Race 2 of M^ . incognita showed wide distr ibution, being present 
in all the d is t r ic t s and were more wide-spread than Race 3 and Race 4. 
Distribution of Race 4 was less than Race 1 and Race 2. It was encountered 
in 8 d i s t r i c t s . However, Race 3 was relatively restr icted in distr ibution, 
being confined to 5 d i s t r i c t s . Comparative distribution of races of M. 
incognita in each dis t r ic t separately showed that Race 2 was more frequent 
and wide-spread than Race 1 in all the d is t r ic t s except Moradabad. 
In all the d is t r ic t s where Race 3 was observed, i t was less frequent 
than Race 1 and Race 2 except Dehradun.. In Dehradun Race 3 was more 
frequent than Race 1. Race 4 was less frequent than Race 1 and Race 2 
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in all the d is t r ic t s where it was present except in Dehradun and Pauri 
Garhwal. In Dehradun and Pauri Garhwal, i t was more frequent than 
Race 1, Race 4 was more prevalent than Race 3 in all the d is t r ic t s 
of their encounterance except Aligarh. 
In overall assessment, the per cent occurrence of Race 2 in 
M. incognita populations was highest followed by Race 1. Race 4 was 
th i rd most frequent race. Race 3 was relatively least frequent (Table 75, 
Fig. 66). The results on relative distribution and dominance are comparable 
to observations made in other parts of the world. In general. Race 1 
and Race 2 are commonest in M. Incognita populations of the world. 
Race 3 and Race 4 of M. incognita are less common on world-wide bas is . 
But findings in other parts of the world show that relat ively Race 3 
is more common than Race 4. In present s tudies, however, Race 4 was 
more common than Race 3 . There are only a few countries in which 
all the four races of M. incognita have been identified. The informations 
available through the IMP publications show that Puerto Rico, Peru, 
Brazil, Ghana and Egypt are only countries of the world where all the 
4 races of M^ . incognita are known to exis t . Recently, Khan (1988) and 
Khan et^  al^. (1988) reported the occurrence of all the 4 races in India. 
Race 1 of M. incognita has been found as most commonly occurring and 
widely distributed in the world. In M. incognita populations studied 
under the aegis of IMP, Race 1 constituted 72% and was recorded in 
all the countries of the IMP regions except Chile, Liberia and Portugal. 
Informationss about races were, however, not available from several 
countries (Tables 2-9) . Race 2 is also common in many countries of 
IMP regions except in the countries of region V (East Africa). In th is 
region, race identifications were not undertaken except in Zimbabwe. 
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Race 2 was, however, absent from Zimbabwe populations of M^ . incognita. 
Race 3 and Race 4 are more or less equally frequent but are less common 
than Race 1 and Race 2 in the world (Tables 2-9) . 
In India possibil i ty of variation within M. incognita populations 
is great because of varied climatic conditions and different cropping 
patterns in different agro-climatic zones of the country (Krishnappa, 
1985). Relatively a small number of M. incognita populations were studied 
earl ier for identification of races . Though, M. incognita is recognized 
to exist in 17 states out of 25 in the country, race differentiation studies 
had been undertaken in 8 states only. Occurrence of Race 1 in Andhra 
Pradesh, Madhya Pradesh and Tamil Nadu (Krishnappa, 1982); Race 1 
and Race 2 in Bihar (Haider et^  al^., 1988); Haryana (Raja and Gill, 
1982) and Orissa (Routray and Das, 1982); Race 1, Race 2 and Race 3 
in Karnataka (Krishnappa, 1982; Krishnappa and Setty, 1983) has been 
reported. Uttar Pradesh is the only state in the country wherein all 
the races (Race 1, Race 2, Race 3 and Race 4) of M^ . incognita has 
been identified (Khan, 1988; Khan et^  al^., 1988). So far , no other state 
in India except Uttar Pradesh has undertaken the work of race identification 
seriously and on a large scale. 
M. arenaria populations in the study area contained Race 2 only 
with variations in frequency in the local i t ies . It occurred in Aligarh, 
Bareilly, Dehradun and Rampur d is t r ic ts (Tables 21,26,41,66). Among 
the d is t r ic ts highest frequency was observed in Aligarh followed by 
Dehradun, Rampur and Bareilly (Table 72). Race 1 was not identified 
in any M. arenaria population. A perusal of l i terature also shows that 
Race 2 is more common than Race 1 in the world. Race 1 which infects 
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peanut, occurs in Virginia, North Carolina, Georgia, Florida, Alabama 
and Texas in U.S.A. (Sasser, 1980). Race 2 of M. arenaria has been 
identified in several countries of different IMP regions (Tables 2 ,3 ,4 ,6 ,7 ) . 
From Egypt only Race 1 and from Morocco both the races of M. arenaria 
were reported (Ibrahim, 1982, 1985). Race identification of M. arenaria 
has not been done in region V (East Africa) and many other countries 
of IMP regions. In India no attempt was made earl ier to differentiate 
races in M^ . arenaria populations in any s ta te . Recently, Khan (1988) 
recorded the occurrence of Race 2 invariably in M^ . arenaria populations 
collected from some dis t r ic ts of Uttar Pradesh. Race 2 is apparently 
widely distributed and may be consitituting the larger portion of M. 
arenaria populations in India. Sasser (1982) also has recognized that 
Race 2 is more frequent (84%) than Race 1 (16%) in M^ . arenaria populations. 
From the above study i t has been concluded that M^ . javanica 
and M^ . incognita are the common species in the area, former being the 
commonest. M. arenaria occupied thi rd position and M. hapla is least 
frequent. All the four races of M. incognita are present in the area. 
Race 1 and Race 2 are more common than Race 3 and Race 4. The relative 
dominance of Race 2 is greater than Race 1 followed by Race 4 and 
Race 3 . M^ . arenaria populations of the study area contained only 
Race 2. This base-line information on infestation of the fields in the 
area, and distribution of species and races of root-knot nematodes may 
be taken into account for adopting management measures and for growing 
of cultivars of different vegetables, keeping in view their relative 
susceptibili ty and resistance against different species of Meloidogyne 
219 
and their races . The farmers may be apprised of the situation with 
regard to the damage that may be caused to vegetable crops by high 
level infestation of single and mixed species of Meloidogyne in the area. 
The multiple species infestations in the area should be considered by 
the extension nematologists for advisory works. 
SUMMARY 
Studies were undertaken to assess the incidence and intensity of 
root-knot disease and to establish the identity of species and races of 
root-knot nematodes associated with vegetables in order to understand their 
pattern of distribution in a study area comprising 11 d is t r ic t s of Western 
region of the state of Uttar Pradesh, an area with along history of agriculture. 
Of the 11 d is t r ic t s selected,nine (Agra, Aligarh, Bareilly, Bijnor, Budaun, 
Etah, Mathura, Moradabad and Rampur) are situated in Indo-Gangetic Plains 
and two (Dehradun and Pauri Garhwal) in the hilly t racts of Himalayas. 
The total area of the included dis t r ic ts was 49,086 Km^. Root samples 
of eggplant, tomato, pepper, okra and cucumber were collected from 
different localities in the d is t r ic t s of the study area. Disease incidence 
and intensity were determined for each locali ty, d is t r ic t and vegetable 
crop. The identity of the species of Meloidogyne were established by 
utilizing their perineal pattern characterist ics and running North Carolina 
differential host t e s t s . Races were also differentiated from the results 
of the North Carolina differential host t e s t s . Frequency of occurrence 
of different species and races in different localit ies were calculated 
as detailed in materials and methods. Salient features of the findings 
are summarised below : 
The data obtained from the study showed that overall incidence 
of the disease in the area was relatively high. Nearly 50% of the 
fields and root samples of vegetable collected showed the disease 
occurrence. From 33.14% to 65.52% cultivation units of vegetables in 
the study area were infested with root-knot nematodes. In root 
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samples of vegetables obtained from various localit ies in the study 
area, 37.86% to 66.17% were infected by single or mixed species of 
Meloidogyne. The incidence of the disease in vegetable fields was 
highest in Aligarh (65.52%) and lowest in Mathura (35.14%). Root 
samples from Dehradun, however, showed highest incidence (66.17%) 
of the disease closely followed by Budaun (64.52%). The lowest 
incidence (37.86%) was recorded in samples from Mathura d i s t r i c t . 
All the vegetable crops considered in the study were found 
to be variously effected by the root-knot nematodes. Eggplant was 
most commonly attacked crop. The disease incidence was highest 
in eggplant fields (66.25%). Pepper and cucumber were next in the 
order . Field pl<?ts grown with pepper and cucumber showed similar 
incidence of the disease; 42.57 and 42.31% respect ively. The incidence 
in okra (40.78%) fields was also very close to pepper and cucumber. 
The incidence of the disease was also highest (61.71%) in eggplant 
root samples. In root samples of other vegetables, the incidence 
was less than 50% ranging between 42.54% and 45.93%. 
Intensity of the disease in different localities of the d is t r ic t s 
and on different vegetable crops showed wide variat ions. GI/EMI 
ranged from 1-5/0-5 indicating that some infected samples showed 
poor galling and no eggmass production while some were heavily galled 
with high eggmass production. 
Meloidogyne incognita, M. javanica, M. arenaria and M. hapla 
were identified to be present in the study area associated with vegetable 
crops. M. incognita and M. javanica were present in al l the d is t r ic t s 
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whereas distribution of U_. arenaria was limited to Aligarh, Bareil ly, 
Dehradun and Rampur d i s t r i c t s . Occurrence of M. hapla was restr ic ted 
to hi l ly d is t r ic ts (Dehradun and Pauri Garhwal) of the study area, 
with altitudes 1967.40 to 3022.50m and 1970.50m respectively above 
the sea level . 
M. javanica was found as commonest and dominant species in 
the area, occurring more frequently than o thers . Second most common 
and frequent species was iJ[. incognita. M. arenaria was relat ively 
less widely dis t r ibuted. M^ . hapla was least frequent species being 
confined to localities at high al t i tudes. M. javanica was also most 
frequent species followed by M. incognita in al l the d is t r ic t s except 
Moradabad, where M. incognita showed slight domination over M. 
javanica. 
The species of Meloidogyne encountered in the area were found 
either singly or in mixed populations. U^. javanica and M^ . incognita 
were commonly present in single populations in al l the d i s t r i c t s . 
M. arenaria was found in single population only in Aligarh. In other 
d i s t r i c t s , i t was present in mixed populations. U_. hapla was not 
recorded in single population. Mixed populations of M. incognita 
and M. javanica; M. incognita and M. arenaria; M. arenaria and M. hapla; 
M. incognita. M. javanica and M. arenaria; and M. incognita, M. 
javanica and M. hapla were found. Mixed population of M. incognita 
and M^ . javanica was most frequent. 
Race 1, Race 2, Race 3 , Race 4 of M. incognita and Race 2 
of M. arenaria were identified in the respective populations of the 
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species in the area. Race 1, Race 2 of M^ . incognita were wide-spread 
in distribution being present in all the d i s t r i c t s . Race 4 and Race 3 
were relatively less widely dis t r ibuted. Race 3 was restr ic ted to 
Agra, Aligarh, Bareilly, Dehradun and Rampur and Race 4 to Agra, 
Aligarh, Bareilly, Bijnor, Dehradun, Moradabad, Pauri Garhwal and 
Rampur. Race 2 was most prevalent race in M. incognita populations 
followed by Race 1. Race 3 was least prevalent in M. incognita 
populations in the area. Race 2 was found invariably in all M. arenaria 
populations. 
It can be concluded that the root-knot disease is apparently 
common in the area and all - commonly grown vegetables of the area 
are l iable to suffer damages. M^. javanica and M^ . incognita are common 
species of the area and are wide-spread in distr ibution. The former 
dominates, occurring singly or in mixed population. Nl. arenaria 
is relatively less prevalent. M. hapla i s localized in distr ibution, 
restricted to cooler areas of the s ta te . Race 1 and Race 2 are common 
in M. incognita populations followed by Race 4 and Race 3 . Race 
2 is predominant. Race 3 and Race 4 are less common. M. arenaria 
populations of the area are comprised of Race 2 only. 
SECTION TWO 
******************************* 
* * 
I INTERACTION STUDIES • 
* I 
*^^*:tf^^**^*********)ti^^^^t****** 
LITERATURE REVIEW 
Plant parasit ic nematodes occur in polyspecific communities 
and most of the species have a wide host range with considerable 
overlap. Therefore, many opportunities exist for interactions between 
nematodes themselves (Oostenbrink, 1966). Nematode communities 
are dynamic and members constantly interact with each other , as 
well as with host plants , the environment and other organisms (Eisenback, 
1985). Interactions between nematodes may be negative or posi t ive . 
If the disease severity caused by the interacting nematodes is 
less than the total of their individual effects, the interaction is 
negative; if it is more, the interaction is posi t ive; and if i t is 
same i . e . simply additive there is no interaction (Wallace, 1978). 
The interactions between the nematodes are usually negative and 
may be categorised as competition-resource use type (Khan, 1984). 
In this type of negative interaction each population adversely affects 
the other or only one of them is suppressed, in the struggle for 
resources in short supply. In general, competition refers to interaction 
of two organisms striving for the same thing (Odum, 1971). Some 
reports of positive interactions of nematode species are present 
in l i terature (Eisenback, 1985). Negative interactions in nematodes 
can be caused by a spatial occupation or physical alteration or 
destruction of feeding sites or by a physiological alteration of 
the host that decrease i ts suitability (Norton, 1978). 
Application of the Cause's principle of competitive exclusion 
(Cause, 1934), which states that two closely related species can 
not occupy the same ecological niche and two competing species 
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interact until one predominates and other is excluded, to the communities 
of nematodes, according to Eisenback (1985), is difficult because the 
soil environment contains many different niches that are dynamic 
and thus are not easily demarcated. Interaction may occur between 
species in close proximity even though they occupy different niches 
and two species can co-inhabit . Competition may occur among the 
individuals of a species or between the species . The former is known 
as intraspecific competition (interaction) and la t ter as interspecific 
competition (interaction). Further, such interactions may involve 
ectoparasites and endoparasites; ecto- and semi-endoparasites; semi-
endo-and endoparasites or species with similar modes of parasi t ism. 
The mode of parasitism plays an important role on the interactives 
effects of nematodes on plants as well as on thei r own populations 
(Khan, 1984). Competition is more vigorous between the species of 
similar feeding habits and interactive effects become more discernible 
with increasing complexity of host-parasite relationship (Eisenback, 1985). 
Some reviews on this aspect of nematology are those of Norton (1978), 
Khan (1981), Khan (1984), Eisenback (1985), Eisenback and Griffin (1987), 
Khan and Khan (1988). 
a. Interactions between ectoparasites. 
Ectoparasites are ei ther surface feeders feeding only on 
epidermal cells and root hairs or sub-surface feeders feeding on 
cells in the outer layers of cortex or close to the stele by penetrating 
their s tylets or sometimes with small portion of the anterior body 
(Dropkin, 1980). The host-parasite relationship of surface feeding 
ectoparasites is not specialized and they maintain contact with 
the host tissue for a shorter duration. The relationship of sub-
surface feeder with the host is relatively more complex (Wyss, 1981). 
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The mode of parasitism within the ectoparasites affects their degree 
of interspecific competitions. Surface feeders are more antagonistic 
than sub-surface feeders (Eisenback, 1985; Eisenback and Griffin, 
1987). 
The number of studies on interactions between ectoparasitic 
species of plant parasit ic nematodes are relat ively few. Interactions 
of species of Paratrkhodorus, Tylenchorhynchus, Belonolaimus, Helicoty-
lenchus, Paratylenchus, Hoplolaimus, Scutellonema, Criconemoides 
on different plants are reported, which indicate that interactions 
between ectoparasites is generally negative in which interactive 
effects are mutually inhibitory or at least one of the interacting 
species is suppressed. In some cases, neutral or stimulatory effects 
have also been recorded. 
Johnson (1970) while studying interactions of Criconemoides 
ornatus, Tylenchorhynchus martini and Belonolaimus longicaudatus 
on bermuda grass observed that competition occurred between the 
species and they adversely affected reproduction of the other nematodes 
in concomitant inoculations. In greenhouse s tudies , Mc Gawley and 
Chapman (1976, 1983) found that host suitabili ty affected the interaction 
between ectoparasites l ike Paratylenchus projectus, Criconemoides 
similis and Helicotylenchus pseudorobustus. Population of P . projectus 
was suppressed by H. pseudorobustus and C. similis on soybean. 
Soybean was a good host for C. similis and a moderately good 
host for H. pseudorobustus and a poor host for P . projectus. No 
interaction occurred between C. similis and H. pseudorobustus. 
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Competition between Tylenchorhynchus claytoni and Paratrichodorus minor 
on four different corn variet ies was studied by Johnson and Nusbaum 
(1968). T. claytoni was antagonistic to P . minor on one cultivar 
and P . minor depressed T. claytoni on other three cu l t ivars . 
Density dependent interactions between ectoparasites and 
influence of temperature on such interactions were recorded by 
Braun et^  al^. (1975). In greenhouse experiments, they showed that 
the population of Paratylenchus neoamblycephalus suppressed the 
low number of Criconemoides xenoplax at 20°C and high population 
was antagonistic to low popultion densities of P . neoamblycephalus. 
High population of £ . neoamblycephalus suppressed low population 
of C. xenoplax at 26°C and high number of £ . xenoplax greatly 
suppressed low population of P . neoamblycephalus. 
Some greenhouse studies show that interactions between ectoparasites 
can be stimulatory. Kraus-Schmidt and Lewis (1981) reported that 
in an interaction between Hoplolaimus columbus and Scutellonema 
brachyurum on cotton, reproduction of both species was mutually 
stimulated after 90 days . Yang et^  aL. (1976) found that reproduction 
of Belonolaimus longicaudatus was increased in the presence of Hoplolaimus 
galeatus in greenhouse tests on cotton. 
b. Interactions between ectoparasites and endoparasites. 
Endoparsites show either migratory or sedentary habits in 
plant t issue. Migratory endoparasites move through the root tissue 
and alter root morphology and physiology great ly. Studies on interactions 
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between nematodes differing in their modes of parasitism are compara-
tively more. The interactive effects have been observed to be inhibitory 
ei ther for all the interacting species or one of the species was 
harmed while the other remained unaffected. Migratory endoparasites 
are generally antagonistic to ectoparasites and host suitabili ty plays 
an important role in the interactions (Eisenback, 1985). Chapman 
(1959) reported significant reduction in the growth of red clover 
and alfalfa by Pratylenchus penetrans ei ther alone or in combination 
with Tylenchorhynchus martini. P . penetrans reproduced readily 
on both plants but T. martini reproduced readily on red clover 
but poorly on alfalfa. Red clover was a good host for both the 
species. In concomitant inoculation on red clover and alfalfa, population 
of P .^ penetrans remained unchanged in the presence of T. martini. 
However, T. martini population declined. In a study on interaction 
between Tylenchorhynchus agri and P. penetrans on creeping bentgrass, 
Sikora et^  al^. (1972) observed no interaction between the two nematodes 
on the host . Creeping bentgrass differed in i ts suitabil i ty as host 
for the species being an excellent host for T_. agr i , but a poor 
host for £ . penetrans. Reproduction of Scutellonema bradys was greatly 
inhibited in the presence of Pratylenchus coffeae on guinea yam 
(Acosta and Ayala, 1976). Pinochet et^  al_. (1976) reported that 
on grape-vine in concomitant inoculation Xiphinema index was reduced 
in the presence of Pratylenchus vulnus. 
Ectoparasites also exhibit some suppressive effects on endopara-
s i t es . Johnson and Nusbaum (1968) observed that P . brachyurus 
was suppressed by Paratrichodorus minor or Helicotylenchus dihystera 
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on most variet ies of soybean. However, JI. dihystera was suppressed 
by P . brachyurus on two var ie t ies . Tylenchorhynchus agri suppressed 
the reproduction of Pratylenchus penetrans on red clover. This 
suppression was, however, time dependent. Suppression occurred 
after three months but not after five or seven months (Amosu and 
Taylor, 1975). 
Stimulatory effects in interactions between ectoparasites and 
migratory endoparasites also may occur in which at least one of 
the interacting species is favoured in such a coinhabitance. Paratr icho-
dorus minor and Pratylenchus zeae on several variet ies of corn 
and between P . minor and P. brachyurus on several soybean cul t ivars , 
P_. zeae populations were higher with P . minor on two variet ies of 
corn and populations of P^ . minor were higher with £ . zeae on all 
five cul t ivars . P .^ brachyurus also stimulated reproduction of jP. minor 
on three variet ies of soybean (Johnson and Nusbaura, 1968). 
Interactions of ectoparasites and sedentary endoparasites 
involving different species and their interactive effects on the 
hosts and interacting nematodes have been investigated. Such interactions 
can be suppressive for one nematode and stimulatory for the other 
or mutually inhibitory for both the species . The feeding sites 
of ectoparasites and sedentary endoparasites are quite different 
and they may coexist on the same plant without any interaction. 
There are numerous reports which demonstrate that ectoparasites 
suppress sedentary endoparasites directly or indirectly by competition 
for feeding s i t es , in coinhabitance on common hosts . The number 
of penetration si tes for the endoparasites may be reduced by feeding 
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of ectoparasites directly at the preferred penetration sites of endopara-
sites or indirectly by damaging the root system and thus reducing 
the number of feeding sites available to the endoparasites (Eisenback, 
1985). A number of ectoparasites have been found to suppress 
sedentary endoparasites. Paratrichodorus minor and Tylenchorhynchus 
agri were found to inhibit Meloidogyne naasi on creeping bentgrass 
(Sikora et^  al^., 1972, 1979). Tylenchorhynchus vulgaris was found 
antagonistic for M. incognita on bajra (Vaishnav and Sethi, 1978). 
Criconemella ornata (= Criconemoides ornatus), Hoplolaimus indicus and 
Tylenchorhynchus nudus in combination interacted negatively towards 
M. incognita on eggplant (Misra and Das, 1979). Reproduction of 
Meloidogyne javanica was inhibited in association with Paratrichodorus 
minor on tomato (Van Gundy and Kirkpatrick, 1975). Macroposthonia 
xenoplax suppressed Meloidogyne hapla reproduction on concord 
grapes (Santo and Bolander, 1977). On cotton, Hoplolaimus columbus 
was also antagonistic for M. incognita (Kraus-Schmidt and Lewis, 1981) 
and dominated over M. hapla (Bird et^  al^., 1974). Kaul and Sethi (1982) 
observed decrease in M. incognita population along with Tylenchorhynchus 
vulgaris and Heterodera zeae on maize. Donnel and Lewis (1984) 
observed that M. incognita was suppressed in the presence of Hoplolaimus 
columbus while M. incognita had no effect on JI. columbus. 
Khan et al^. (1986a, 1986b) studied interactions between 
Tylenchorhynchus brassicae, an ectoparasite, M. incognita an 
endoparasite, and Rotylenchulus renif ormis. a semi-endoparasite on 
eggplant and tomato in artificial inoculations in greenhouse. In 
the combination of M. incognita and T. brassicae on eggplant, the 
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population of M. incognita was adversely affected. The rate of 
population increase of T. brassicae also declined to some extent 
(Khan et^  al^., l986b). Interaction occurred between M. incognita and 
T. brassicae and between R^ . reniformis and T. brassicae on tomato. 
Interactive effects in general were inhibitory only for M. incognita 
or R. reniformis (Khan et^  al^., 1986a). 
Some reports on the other hand show the inhibitory effect 
of sedentary endoparasites on ectoparasites in thei r interactions 
on different plants . According to Eisenback (1985) the mechanism 
in such interaction is physiological rather than mechanical because 
they are separated by host t issue. Suppression of the Scutellonema 
bracyurum population on cotton was caused by the presence of M. 
incognita (Kraus-Schmidt and Lewis, 1981). Inhibition of Hoplolaimus 
indicus occurred in the presence of Nd. incognita on tomato (Hasan 
and Alam, 1975). When R. reniformis and T. brassicae were together 
on eggplant, the multiplication of T. brassicae declined (Khan et a l . , 
1986b). Schmidt and Stephen (1981) observed that on cotton Scutellonema 
brachyurum increased in the presence of H. columbus but were 
suppressed by M^ . incognita. Simultaneous inoculation of PI. columbus 
either with M. incognita or S^ . brachyurum resulted in an increase 
in i ts population. Antagonistic effect of M. hapla on *Xiphinema 
americanum was demonstrated by Norton (1969). 
Mutual inhibitory effects may occur in interactions between 
ectoparasites and sedentary endoparasites in concomitant populations. 
Sometimes ei ther species may predominate according to environmental 
factors or differential host sui tabi l i ty . In a survey of nematodes in 
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a cotton field over 6 years , Bird et^  al^. (1974) noticed that Hoplolaimus 
galeatus became introduced or increased from undetectable levels 
and gradually replaced M. incognita as the predominant plant parasi t ic 
nematode species. At a different location, H. galeatus predominated 
in one portion of the field and U^. incognita was most common in 
the remaining portion of the field, the presence of ei ther species 
greatly inhibited the presence of other species . Khan and Haq 
(1979) obtained mutual reductions in populations of M^ . incognita, 
T_. brassicae due to cohabitation on tomato. Miller and Wihrheim 
(1968) observed that Globodera tabacum and T. claytoni were mutually 
suppressive in greenhouse experiment. In f ie lds , however, G^ . tabacum 
severely inhibited T_. claytoni because the cyst nematode was more 
persis tent . M^ . incognita and fi. galeatus or Belonolaimus longicaudatus 
on cotton (Yang et^  al^., 1976), M^ . incognita and Criconemella ornata 
on eggplant (Misra and Das, 1977) and M^ . javanica and Hemicycliophora 
arenaria on tomato (Van Gundy and Kirkpatrick, 1975) were mutually 
antagonistic. Khan et^  al^. (1986a) in a competitive interaction study 
between M^ . incognita, R^ . reniformis and T_. brassicae on tomato 
recorded mutual suppression in the rate of population increase, 
when R. reniformis and T^ . brassicae or U_. incognita and T. brassicae 
interacted. 
c . Interactions between endoparasites. 
Interactions between migratory and sedentary endoparasites 
or between the species showing migratory or sedentary mode of 
parasitism have been studied on a number of plants (Eisenhack, 1985; 
Eisenback and Griffin, 1987). Migratory endoparasites are very 
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competitive with each other because of their common feeding s i t e s . 
Host suitability plays an important role in such type of interactions 
(Eisenback, 1985). Sedentary endoparasites are highly specialized 
paras i tes , developing a prolonged complex relationship • with the 
host that greatly alters the host physiology (Jones, 1981). Competition 
between two sedentary endoparasitic species is generally mutually 
suppressive because of the competition for available feeding sites 
and nutrition (Norton, 1969; Khan et^  al^., 1986a, 1986b, 1987). Migratory 
endoparasites by their movement disrupt root tissue which disturbs 
feeding of sedentary endoparasites. They often penetrate the host 
faster or inhibit penetration by sedentary endoparasites. This 
is not, however, true always. In contrast, sedentary endoparasites 
stimulate or suppress penetration of migratory endoparasites depending 
upon the host suitabili ty (Eisenback, 1985). 
Negative interactions between migratory endoparasites have been 
demonstrated by several s tudies. Ferr is et^  al^. (1967) observed 
inhibition of Pratylenchus alleni in the presence of Pratylenchus 
penetrans on soybean. Imbalance in the sex-ratio of P . penetrans 
was, however, observed. The ratio of females to males was higher 
in P . penetrans when i t was mixed with P . alleni than when i t was 
alone. Acosta and Ayala (1976) observed antagonistic effect of 
Pratylenchus coffeae over Scutellonema bradys on guinea yam. Radopholus 
similis and P . coffeae were mutually suppressive on citrus after 
10-15 months (O'Bannon et^  al^., 1976). 
Interaction of endoparasitic nematodes is influenced by 
relative susceptibili ty of the hosts . Gay and Bird (1973) demonstrated 
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that on tomato, which was better host for M. incognita than P . 
brachyurus, pr ior inoculation of M^ . incognita suppressed penetration 
of P . brachyurus. On cotton, however, which was a good host 
for P . brachyurus and a poor host for M. incognita, prior inoculation 
by M. incognita slightly stimulated penetration of P . brachyurus. 
Khan et^  aL. (1986a, 1986b) observed that on tomato and eggplant 
which was a good host for M. incognita and R^ . reniformis, in simultaneous 
inoculation of both the species, the multiplication rate of both 
species declined when compared with single species inoculations 
at the same inoculum levels . However, no such interaction between 
the species was observed on cauliflower (Khan et^  al^., 1987). Johnson 
and Nusbaum (1970) studied the interactions between M. incognita, 
M. hapla and P . brachyurus in greenhouse experiments on four 
cultivars of tobacco and noticed that tobacco cv. 'Hicks' and 'NC 2326' 
were susceptible to each nematode and cv. 'NC 95' and 'NC 2521' 
were resistant to M. incognita only. M. incognita and P . brachyurus 
were mutually suppressive on 'NC 2326'. However, no effect of 
P. brachyurus was obtained on 'Hicks' but M. incognita suppressed 
JP. brachyurus. On tobacco cv. 'NC 95' and 'NC 2521' wiiich were resistant 
to M. incognita, P . brachyurus was stimulated. In interaction between 
M. hapla and P . brachyurus, mutual suppressive effects were observed 
on tobacco cv. 'H icks ' . But on 'NC 95' only M. hapla and on 'NC 2326' 
P . brachyurus were suppressed by the other par tner . No such 
effects were found on 'NC 2521 ' . Sikora et^  al^. (1972) observed 
that Pratylenchus penetrans initially inhibited Meloidogyne naasi 
on creeping bentgrass, but after ten months such inhibitory effect 
was not found. Amosu and Taylor (1975) reported that M. incognita 
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had no effect on a population of P . penetrans on red clover in 
greenhouse experiments after three months but suppression occurred 
after five months. 
The interaction between migratory and sedentary parasi tes 
is also affected by the density of the interacting nematodes. Chapman 
and Turner (1972) observed that egg deposition of P . penetrans was 
differentially affected by the varying density of U_. incognita in 
concomitant populations. Egg deposition of P^ . penetrans was reduced 
by 37% in the presence of low number of M. incognita. But in 
the presence of high number of W[. incognita, 57% reduction occurred 
in egg deposition. In a greenhouse study, it has been shown that 
low number of £ . penetrans were greatly inhibited by Globodera 
tabacum on tobacco but high number of £ . penetrans greatly suppressed 
G. tabacum (Miller, 1970). 
Several interactions between migratory and sedentary endopara-
sites have been found to be mutually suppressive for interacting 
nematodes. Estores and Chen (1970, 1972) found that the population 
of P^ . penetrans and M^ . incognita were mutually suppressed when 
they coinhabited tomato roots, although the reduction in P . penetrans 
population was significantly greater. In a field observation, P . coffeae 
and Tylenchulus semipenetrans were found to be mutually suppressive 
on citrus (Kaplan and Timmer, 1982). Sheela and Venkitesan (1981) 
observed mutual suppression of Radopholus similis and M. incognita 
on black pepper in greenhouse experiments. 
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Some reports suggest that interaction between sedentary 
and migratory endoparasites are not always negative. They may 
also be neutral or stimulatory. Johnson and Nusbaum (1970) observed 
increase in reproduction of P. brachyurus on tobacco in the presence 
of M. incognita. M. naasi favourably influenced the reproduction 
of P . penetrans on creeping bentgrass (Sikora et^ al^., 1972). Prior 
infection by Ditylenchus dipsaci on a root-knot resistant cultivar 
of alfalfa reduced the resistance to M. hapla (Griffin, 1972, 1980). 
Interactions between Heterodera and Meloidogyne species; 
between Meloidogyne species and Rotylenchulus reniformis; and between 
R. reniformis and Tylenchulus semipenetrans have been studied. 
Mutually suppressive interactions generally occur among sedentary 
endoparasites because of the common feeding si tes and physiological 
alterations. Neutral or stimulatory effects also may occur (Eisenback, 
1985; Eisenback and Griffin, 1987). In greenhouse t e s t s , Rao and 
Prasad (1981) observed antagonistic interaction between Meloidogyne 
graminicola and Heterodera oryzicola on rice after 52 days in simultaneous 
or sequential inoculations of seven days . No interaction was, however, 
observed between M. incognita and H^ . cajani on cowpea in the greenhouse 
by Sharma and Sethi (1976). Similarly, M. hapla and H. schachtii 
showed no interaction on sugarbeet (Jatala and Jensen, 1976, 1983). 
However, by prior inoculation of M. hapla on sugarbeet, stimulation 
of H. schachtii occurred. Griffin and Waite (1982) studied interaction 
of Heterodera schachtii and M. hapla on tomato and found that 
H. schachtii inibited M. hapla. Ross (1964) studied the interaction 
between M. incognita and H. glycine on soybean. The population 
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of M. incognita was s u p p r e s s e d in the p resence of high population 
dens i t i e s of H. g lyc ine . In the presence of P . penet rans on tomato 
inh ib i t ion of M. incognita ac r i t a was shown by Es tores and Chen 
(1970) . J a t a l a and Jensen (1983) in greenhouse exper iment on sugarbeet 
in sequent ia l inoculat ions obse rved tha t when H. s c h a c h t i i p receded 
M. h a p l a , i t s u p p r e s s e d M. hapla but p r i o r inoculation by M. hapla 
s t imulated 11. s c h a c h t i i . 
Singh (1976) s tud ied the in terac t ion of M. incognita and 
Rotylenchulus reniformis on soybean in greenhouse e x p e r i m e n t s . 
In simultaneous inoculat ions M. incognita s u p p r e s s e d R. reniformis but 
\ 1 . incognita was not a f fec ted . Similar suppress ion of R_. reniformis 
by M. incognita was obse rved by Mishra and Gaur (1982) on b lack 
gram (Vigina mungo). Rao and Seshadr i (1981) s tud ied in teract ion 
between M. incognita and R_. reniformis on grape s e e d l i n g s . The 
two spec i e s were an tagonis t ic , for each o the r al though U_. incognita 
was claimed to be more compe t i t i ve . Kheir and Osman (1977) and 
Winto and Lim (1972) s tud ied the in terac t ion of M. incognita and 
R. reniformis on tomato and found tha t R_. reniformis a d v e r s e l y 
affected M. incogni ta . Taha and Kassab (1979, 1980) s tud ied in teract ion 
between M. j avan ica , R_. reniformis and Rhizobium spec ie s on cowpea 
and found tha t R. reniformis s u p p r e s s e d the populat ion l eve l of 
M. javanica when R. reniformis was inoculated p r i o r to M. j avan ica . 
But M. javanica u l t imate ly dominated because of i t s high reproduct ion 
po ten t i a l . No in terac t ion between M. javanica and R. reniformis 
was obse rved on cowpea (Rao and P r a s a d , 1971). 
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I n i t i a l populations of the coinhabiting species also exert 
great influence over interact ion responses (Eisenback, 1985; Eisenback 
and Griff in, 1987). Thomas and Clark (1980, 1981, 1983a, 1983b) studied 
the interact ion between M. incognita and R. reniformis on sweet potato. 
In f ie ld s tudies , they observed that low population levels of R.. 
reniformis inhibited M. incognita whereas, M. incognita did not 
affect R_. reniformis. High population levels of M. incognita, however, 
suppressed R_. reniformis but R. reniformis had no effect on M. incognita. 
Each species appeared to be capable of suppressing the other 
to become the dominant species. Both low and high levels of 
M. incognita reduced the reproduction rate of R. reniformis but 
R. reniformis had no effect on the reproduction of M. incognita 
(Thomas and Clark, 1980, 1983a). Khan et^  al^. (1985) observed 
that in concomitant inoculations of M. incognita and R_. reniformis on 
tomato, the penetration and multiplication of R^ . reniformis were 
unaffected when the inoculum level of M. incognita was low. Increase in 
the inoculum level of M. incognita upto 100 juveniles affected multipli-
cation of both the species but penetration was unaffected until 
the very high inoculum level , but penetration of M. incognita only 
declined when initial population of both the nematodes were high. 
Khan et^  al^. (1986b) observed that in concomitant inoculations of 
M. incognita and R. reniformis on eggplant, the multiplication rate 
of both species declined. The reduction was more pronounced for 
M. incognita than R. reniformis. Similar trends in interactions 
of M. incognita and R. reniformis were obtained on tomato in artificial 
inoculations in greenhouse studies by Khan et al^. (1986a). No inter-
action was observed between M. incognita and R. reniformis on 
cauliflower (Khan et^  al^., 1987). 
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^o si^^itica.tvt ei iects Q£ mteracttott betweea R^» retiiformis 
and Tylenchulus semipenetrans on grape seedlings were noticed in the 
study of Taha and Sultan (1977). Kaplan and Timmer (1982) demonstrated 
that when Pratylenchus coffeae and Tylenchulus semipenetrans were 
together on c i t rus , they tended to reduce the population size of 
each other. 
d. Interactions between the species of Meloidogyne. 
Meloidogyne incognita, M. javanica, M. arenaria and M. hapla 
are the major species constituting the large portion of the population 
in cultivated fields (Sasser, 1982). Mixed infection on plants or 
infestation of crop fields is common and natural. Since the feeding 
si tes of Meloidogyne species are same, theoret ical ly , two or more 
co-existing species may interact and it is l ikely that one may dominate 
and affect the population density of the other species . But, according 
to Eisenback (1985), their simultaneous occurrence in mixed population 
in the same field, root system or gall indicates that competition 
among the species is weak. Other factors, part icularly temperature 
are important in the domination of a particular species . Studies 
on interaction between the species of Meloidogyne are relatively very 
few. 
Chapman (1965) studied interaction between Meloidogyne incognita 
and M. hapla at various temperatures. Their interaction was influenced 
by temperature. At high temperature, M. incognita significantly 
dominated over M. hala. In simultaneous inoculations of M. incognita 
and M. hapla at high temperature, 90% of the females were of M. incognita 
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and only 10% were of M. hapla. But this ratio was changed at 
low temeratures and only 51% of females were of M. incognita. 
Johnson and Nusbaum (1970) observed suppressive effect of M^ . incognita 
over M. hapla, on 'NC 95' and 'NC 2512' cultivars of tobacco. 
M^. incognita inhibited reproduction and population of M^ . hapla. 
Kinloch and Allen (1972) in a study noticed that M. javanica predominated 
over M^ . hapla in a mixed species infection on tomato at 20°C. 
Predominance of M. javanica increased with increasing the inoculum 
levels of both the species . Invasion by U^. hapla was more density 
dependent than M. javanica. 
It is apparent from the above review of l i terature that very 
l i t t le attention has been given to investigate interactions between 
species of Meloidogyne• M^ . javanica and M. incognita are the two 
most common species in tropical and subtropical regions of the 
world. They have more or less similar ecological requirements and 
thr ive together in many different parts of the world. Some recent 
studies (Khan et^  al^., 1984; Khan and Khan, 1985; Haider and Khan, 1986; 
Khan, 1988), indicate that M^ . javanica and M. incognita are most 
frequent species, found in mixed populations in Uttar Pradesh (India). 
The present investigation (Section One) has also shown their common 
occurrence in several d is t r ic ts of the Uttar Pradesh. 
Interaction of M. incognita and M. javanica has not been 
studied. Whether they interact in mixed populations or not; if 
interact, what is the nature of the interaction have not been elucidated 
by researches. When they invade the same root system having 
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same mode of parasitism and same feeding s i te , receiving nutrition 
from the same host, some sort of influence over each other is envisaged 
with respect to development of host-parasite relat ionship, fecundity, 
rate of population growth and resultant populations of the species. 
Whether the races of M. incognita behave differently in these respects 
or not is not known. 
Whether Cause's principle of exclusion of one species by 
the other operates and one species can eventually be excluded from 
the community or they develop a balanced relationship coexisting together 
in the crop fields because of many common features in their life 
cycle and parasitism, are some of the key questions that need 
to be answered. In the present study, some of these aspects of 
interactions between U_. incognita and M^ . javanica, the two most common 
species in Uttar Pradesh, have been investigated. 
MATERIALS AND METHODS 
The results of study on distribution and identity of species given in 
Section One showed that M^ . javanica and M. incognita are the two common 
species in the area and they occur frequently in the vegetable fields 
of the area in mixed populations. All the 4 races of M^ . incognita v i z . , 
Race 1, Race 2, Race 3 and Race 4 were also found distr ibuted in the 
area. Therefore, it looked desirable to study interaction of the two 
species in coinhabitance in a common pathosystem. The interaction 
of U^. javanica with ^ . incognita Race 1, Race 2, Race 3 and Race 4 
was studied separately in artificial inoculations. Intraspecific interactions 
(interactions between the individuals of the same species/race) of U_. 
javanica and all the 4 races of M. incognita were studied separately. 
I. Interspecific interactions 
Interaction of M. javanica with Race 1, Race 2, Race 3 and Race 4 
of M. incognita was studied separately on tomato in artificial inoculations 
in glasshouse conditions. 
a. Plant culture 
Seedlings of tomato (Lycopersicon esculentum Mill.) cv. Pusa 
Ruby were raised in glasshouse from surface steri l ized seeds in trays 
filled with steam steri l ized sandy loam field soi l . Three-week-old 
seedlings were transplanted into 15 cm clay pots (one seedling/pot) containing 
mixture of steam steri l ized soil and farm yard manure in the ratio of 
3:1 respect ively. Three days after transplantation pots were inoculated 
with freshly hatched second stage juveniles of the nematodes. 
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b. Inoculations 
Freshly hatched second stage juveniles (J-,) of M^ . javanica and 
M. incognita Race x for inoculations were obtained by incubating eggmasses 
of the species/race obtained from roots of tomato or eggplant maintaining 
pure populations. Eggmasses were incubated in steri l ized dist i l led 
water in petr idishes (9 cm) in the incubator at 25°C. After 72 hours, 
number of hatched juveniles (J^) were collected in water suspension. 
Their numbers/ml were standardized by counting the juveniles from ten 
1 ml samples of the suspension and calculating the average. Pots containing 
seedlings of tomato (one seedling/pot) were inoculated according to the 
following scheme, by adding the measured quantity of the juvenile suspension 
with the help of pipette in depressions made in soil around the seedling. 
T, = Control (uninoculated) 
T, = M. javanica 1000 J^/Pot 
T, = M. javanica 2000 J-/Pot 
T. = M. incognita Race x* 1000 J_/Pot 
Tr = M. incognita Race x 2000 J , /Pot 
T, = M. javanica 1000 J , + M. incognita Race x 1000 J2/Pot. 
Race X* = Race 1 or Race 2 or Race 3 or Race 4. 
In all interspecific interaction studies of M. javanica and M_. 
incognita, (for all the 4 races) the same scheme of inoculation was 
followed. Each treatment was replicated five t imes. Pots after inoculations 
were maintained in glasshouse (temp. 25°C±2) for 50 days and regularly 
watered. 
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c. Parameters 
At terminations, 50 days after inoculation, shoot length, fresh 
and dry weights of shoot, gall index (GI), eggmass index (EMI), soil 
population (Jp and male), root population (J^t J3+J4. mature females) 
and population of females of both species were determined. 
Shoot length of plants in different treatments were measured 
and mean of replicates were calculated. Plant shoots in different treatments 
were weighed to determine thei r fresh weight and thenafter the shoots 
were dried at temp. 60°C wrapped in blotting sheets , in a hot air 
oven for 3 days and dry weights of shoots for different treatments 
were determined. 
GI and EMI in different treatments were rated on 0-5 scale of 
Taylor and Sasser (Taylor and Sasser, 1978). 
Soil population of nematodes (J^ and males) in each treatment 
was estimated by modified Cobb's sieving and decanting method (Southey, 1970). 
Total soil population was estimated by counting the nematodes in the 
suspension obtained from isolations. 
For estimating root population of the nematodes (J^, Jo+J. , mature 
females) roots from each replicate were weighed and cut into small 
pieces. One gram of the root pieces stained with acid fuchsin and 
lactophenol were examined under stereoscopic microscope and numbers 
of J^, J2 + J^ were counted. Then the total number of J , J,+J. for 
the whole root system of the replicate was calculated. For counting 
the number of females 1 g of root pieces were transferred in 5% HNO 
and incubated at 25"C. After 72h root pieces were gently teased to 
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release the females. The number of females/g of root was counted and 
total number of females for the whole root system was later calculated. 
In treatments with mixed species inoculation (M .^ javanica and 
M. incognita Race x ) , the females were released by treating Ig root 
pieces with 5% HNO- and spread in a pe t r id i sh . Their total number 
was then counted. Thenafter, 16 females were randomly sampled and 
their perineal patterns were prepared and species were identified. The 
ratio of M^ . javanica and M^ . incognita Race x in 15 females was thus 
established and from this value the ratio of females in the total number 
of females was then calculated. 
II. Intraspecific interactions 
Intraspecif ic interaction of M. javanica and Race 1, Race 2, Race 3 
and Race 4 of M. incognita was studied separately in artificial inoculations 
in two different ways: 
i . at different inoculum levels , and 
i i . at same inoculum level in spl i t and non-split inoculations. 
a. Plant culture 
The interactions were studied on tomato cv. Pusa Ruby. Seedlings 
were raised in glasshoue in the same way as given for interspecific 
studies. Three-week-old seedlings were transferred in 15 cm clay pots 
containing steam steri l ized mixture of field soil and farm yard manure 
(3:1) . Inoculations were made 3 days after transplantation. 
b. Incoulations 
Freshly hatched second stage juveniles (J ) of M. javanica and 
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M. incognita Race x for inoculation of pots were obtained and their number 
was standardized by the same method as described in the interspecific 
interactions. 
i . Different inoculum levels : The following inoculum levels were used 
for intraspecific interactions at different inoculum levels : 0, 10, 100, 
1000 and 10000 J_/pot . Each pot of the different treatments (one seedling/pot) 
was inoculated with the inoculum level , i t was designated to receive, by 
adding requisite amount of juvenile suspension. Each treatment was replicated 
five t imes. 
i i . Split inoculum levels : For studying the intraspecific interactions of 
the nematodes in spl i t inoculations, inoculation of the pots with tomato 
seedlings (one seedling/pot) was done according to the scheme given below: 
a. Control I (uninoculated) 
b . Non-split inoculation of 10000 Jp 
Control II (inoculated) 
c . Split inoculation of 10000 J_ 
I . 2500 + 7500 J , (Two instalments) 
I I . 5000 + 5000 J , (Two instalments) 
III . 7500 + 2500 J , (Two instalments) 
In spl i t inoculations, in all the three ra t ios , the second instal-
ment of juveniles was added after a gap of one week. Each treatment was 
replicated five t imes. Pots of both experiments of intraspecific interaction 
studies were maintained in glasshouse (25°C±2) for 50 days and were regularly 
watered. 
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c . Parameters 
At termination after 50 days of the first instalment of inoculations, 
length of shoot, fresh and dry weights of shoot, gall index (GI), eggmass 
index (EMI), soil population (J-> and male) and root population (J2, J , + J . , 
mature females) of the nematodes were determined in the same way as 
described for interspecific interactions. 
III. Interactive effects of Meloidogyne javanica and M. incognita (Race 1, 
Race 2, Race 3 , Race 4) on fecundity and morphometries of females 
The effect of interspecific interactions of M^ . javanica and M_. 
incognita Race 1, Race 2, Race 3 and Race 4 on thei r fecundity (number 
of eggs/eggmass) and morphometries of females was studied separately in 
artificial inoculations in glasshouse conditions. 
a. Plant culture 
Seedlings of tomato cv . Pusa Ruby were raised in glasshouse in 
steril ized conditions and three-week-old seedlings were transferred in 15 cm 
clay pots (one seedling/pot) filled with steri l ized field soil and farm 
yard manure (3 :1) . 
b. Inoculations 
Inoculations were made with second stage juveniles (J^) of M. 
javanica and M^ . incognita Race x according to the following scheme. 
For single species Inoculation 
1. M. javanica (2000 J2) 
2. M. incognita Race 1 (2000 J2) 
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3 . M. incognita Race 2 (2000 J2) 
4 . M. incognita Race 3 (2000 J2) 
5 . M. incognita Race 4 (2000 J2) 
For concomitant inoculation 
1. M. javanica + M. incognita Race 1 (1000 J2 of each) 
2 . M. javanica + M. incognita Race 2 (1000 J2 of each) 
3 . M. javanica + M. incognita Race 3 (1000 J2 of each) 
4 . M. javanica + M. incognita Race 4 (1000 J , of each) 
Each t rea tment was r e p l i c a t e d t h r e e t i m e s . Inoculated pots were 
kep t at g lasshouse benches (25°C±2) for 50 d a y s . 
c . Parameters 
Fifty days af ter inoculat ion, p lan t s were uprooted and 5 eggmasses 
of appa ren t ly equal s ize were se lec ted from each r e p l i c a t e . Thus in to ta l 
for each t reatment ( inoculat ion) 15 eggmasses were accounted for determining 
the fecundi ty . Eggs of an eggmass for counting were s p r e a d on a s l i d e 
by adding a few d r o p s of 0.1% NaOCl solution and number of eggs/eggmass 
for each t reatment was counted. 
The female producing the same eggmass was d i s s e c t e d out and 
i t s morphometries were measured in re la t ion to the pa rame te r s given be low. 
In case of concomitant inoculat ion, af ter counting the eggs/eggmass and 
determining the morphomet r i e s , the pe r inea l pa t t e rns of the females were 
p r e p a r e d and t h e i r i den t i t y was a s c e r t a i n e d . The following paramete rs 
were cons idered for morphometr ies of females : 
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1. Length of t h e body 
2 . Width of the body 
3 . Length of the neck 
4 . Width of t h e neck 
5 . Length of the s t y l e t 
6. Length of t h e median bulb 
7 . Width of the median b u l b . 
In final ca lcu la t ion , the measurements of 15 females of each s p e c i e s / 
race were accounted for determining range and mean of t h e measurements . 
IV. Pathotrophic ab i l i ty 
For making a comparat ive assessment of t h e hos t damage caused 
by M. javanica and r aces of M. incognita (Race 1, Race 2 , Race 3 and 
Race 4 ) , p a t h o t r o p h i c a b i l i t y (damage po ten t ia l ) of each was s tud ied on 
tomato and eggplant s e p a r a t e l y under g lasshouse condit ions in p o t s . 
a. Plant Culture 
Seedlings of tomato (Lycopers icon esculentum Mi l l . ) c v . Pusa Ruby 
and eggplant (Solanum melongena L . ) c v . Pusa Kranti were r a i s e d in s t e r i l i z e d 
soi l in t r a y s . Three -week-o ld seedl ings were used for t r a n s p l a n t a t i o n s . 
b . Inoculations 
Three -week-o ld seedl ings of t h e t e s t c rops were t ransp lan ted 
in f ive r e p l i c a t e po ts (one s e e d l i n g / p o t ) . Inoculations were made by adding 
juveni le suspension of each nematode (nematode s p e c i e s / r a c e ) in pots des ignated 
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to receive the inoculum. The inoculum level of each nematode was invariably 
5000 J , / p o t . Pots with tomato and eggplant seedlings without inoculations 
served as control. All the pots were kept as glasshouse benches (25°C±2). 
c . Parameters 
At termination after 50 days following parameters were considered : 
1. Length and fresh and dry weights of shoot 
2. Gall index (GI) and eggmass index (EMI) 
3 . Population of females, total population and reproduction factor 
4. Fecundity 
5. Morphometries of mature females 
RESULTS 
1 . INTERSPECIFIC INTERACTIONS 
Interactions of Meloidogyne javanica with Race 1, Race 2, 
Race 3 and Race 4 of M. incognita separately were studied in artificial 
inoculations on tomato cv. Pusa Ruby. 
i . Interaction between M. javanica and M. incognita Race 1 
a. Shoot growth, root galling and eggmass production : In the interaction 
study between M. javanica and M. incognita Race 1, it was observed 
that M. javanica and M. incognita Race 1 singly or concomitantly 
reduced plant growth of tomato cv . Pusa Ruby when compared to 
uninoculated (control) plants . When tomato seedlings were inoculated 
with ei ther 1000 J , or 2000 J , of M. javanica or M. incognita Race 1, 
significant reduction occurred in al l the growth parameters (length, 
fresh and dry weights) at P = 0.05. In thei r concomitant inoculation 
with 1000 J^ of each (Pi 1000 J^ of M. javanica + 1000 J^ of M. inconita 
Race 1) significant reductions (at P = 0.05) in growth parameters 
were also recorded. The reductions obtained with 1000 J- or 2000 J_ 
of each nematode species in their single inoculations were not significantly 
different from reductions in thei r concomitant inoculations (Pi 1000 J_ of 
each) . The reductions in growths obtained with 1000 J , and 2000 J , of 
either species also did not differ significantly. The per cent reductions 
in growth parameters were greater for M, javanica than for M. 
^"'^"g"^^^ «^=« 1 at both the inoculum levels in single species inoculations. 
The per cent reductions in concomitant inoculation (Pi 1000 J of each) 
were less than single inoculation of ei ther species at the same inoculum 
levels (Table 1) . 
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In concomitant inoculation mean gall index (GI) and mean 
eggmass index (EMI) were reduced when compared to their single 
inoculations at the same inoculum leve ls . The mean GI and EMI both 
for M. javanica were 4.50 and for M. incognita Race 1, 4.50 and 
4.00 respect ively. In concomitant inoculation, however, mean GI 
and EMI were 4.00 and 3.50 respectively (Table 1 ) . 
b . Population of females, total population and reproduction factor: The 
number of mature females and total population of each nematode 
species were reduced in thei r concomitant presence on the same 
root system. The number of mature females/root system of both 
the species were mutually reduced. In single species inoculation 
with 2000 J-,, the number of mature females/root system of M. javanica 
was 1055 and M^ . incognita Race 1, 1001 but in thei r concomitant 
inoculation with 2000 J , (Pi 1000 Jj of each) the number of females 
i rrespective of the species was reduced to 823. This reduction 
was significant at P = 0.05. In total females developed in their 
concomitant inoculation, females of M^ . javanica were greater in number 
than of M. incognita Race 1. Out of 823 females recovered, 483 
were of M. javanica and 340 of M. incognita Race 1. When these 
numbers were compared with the number of females recovered from 
single inoculation with 1000 J^ of each species, it emerged that 
the number of females of both the species were reduced significantly 
at both P = 0.05 and P = 0 .01. The per cent reduction in number 
of females of M. incognita Race 1 (44.89%) was greater than those 
of M. javanica (29.69%) (Table 2 ) . 
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Reduction in to ta l population (soi l population + root population) 
in their concomitant presence was also observed. In concomitant inoculation 
of the species the total nematode population was 1392 in contrast to 
1855 of M. javanica and 1695 of M. incognita Race 1 in single species 
inoculation at the same inoculum level (Pi 2000 J , ) . This decrease 
in total population was significant at P = 0.05 when compared to M. 
incognita Race 1 and at both P = 0.05 and P = 0.01 when compared 
to M. javanica. Accordingly, Rf value (reproduction factor) was also 
reduced in concomitant inoculation of the species in comparison to 
single species inoculation at the same inoculum level and this reduction 
was significant at P = 0.05 (Table 2 ) . 
i i . Interactioa between M. javanica and M. incognita Race 2 
a. Shoot growth, root galling and eggmass producticm : M. javanica and 
M^ . incognita Race 2 singly at both the inoculum levels caused significant 
reduction (at P = 0.05) in plant growth parameters of tomato. Reductions 
from single and concomitant inoculations of both M. javanica and M. 
incognita Race 2 did not differ from reductions obtained with the same 
inoculum levels . The per cent reduction caused by M. javanica was 
greater than M. incognita Race 2 at both inoculum levels (Table 3 ) . 
Mean GI and EMI of M^ . javanica in single species inoculation 
(Pi 2000 J2) were 4.50. For M. incognita Race 2, mean GI and EMI 
were 4.50 and 4.25 respect ively. In concomitant inoculation of both 
the species, mean GI/EMI were reduced. These were 4.00/3.75 respectively 
(Table 3 ) . 
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b. Population of females, total population and reproduction factor : The 
number of mature females per root system declined in concomitant inoculation 
of the species (Pi 1000 J , of each) when compared to thei r single 
inoculation at the same inoculum level (Pi 2000 J - ) . The number of 
females of M. javanica and M. incognita Race 2 was 1011 and 955 
respectively in their single inoculation with 2000 J - . But in concomitant 
inoculation of both the species (Pi 1000 J- of each) the number of 
females declined to 880. This reduction was significant at P = 0.05. 
In total number of females developed in thei r concomitant inoculation, 
the number of M. javanica females (534) was comparatively greater 
than M^ . incognita Race 2 (346). When these numbers were compared 
with the number of females obtained from single inoculation with 1000 J~ 
of ei ther species , i t was noticed that the number of females of M^ . javanica 
and M. incognita were significantly reduced. The per cent reduction 
for M. incognita Race 2 was greater (47.97%) than for M^ javanica 
(21.74%) (Table 4 ) . 
Significant reduction in total population was observed in thei r 
concomitant presence at the same inoculum level . The total population 
of M. javanica and M. incognita Race 2 were 1844 and 1759 respectively 
in their single inoculation at the inoculum level of 2000 J . But in 
their concomitant inoculation (Pi 1000 J2 of each) the total population 
was 1469. Accordingly, Rf value in thei r concomitant inoculation significantly 
declined (at P = 0.05) when compared to their single species inoculation 
at the same inoculum level (Table 4 ) . 
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i i i . Interaction between M. javanica and M. incognita Race 3 
a. Shoot growth, root galling and eggmass production : M. javanica 
and M. incognita Race 3 singly at both the inoculum levels caused 
significant reduction (at P = 0.05) in plant growth parameters of tomato. 
Concomitant inoculation of both the species also significantly (at P = 0.05) 
reduced the growth parameters. The reductions observed in their single 
inoculation (Pi 2000 J2) did not differ significantly from reductions 
caused by their concomitant inoculation at the same inoculum level 
(Pi 1000 J , of each) . The differences in the reduction of growth parameters 
obtained with 1000 J^ or 2000 J , of ei ther species were also not significant. 
The per cent reduction caused by M. javanica was, however, greater 
than by M. incognita Race 3 (Table 5 ) . 
Root galling and eggmass productions were, however, affected 
adversely in concomitant inoculation of the species as indicated by 
mean GI and EMI values. In single species inoculation (Pi 2000 J_) 
mean GI/EMI values were 5.00/4.75 for M. javanica and 4.25/3.75 for 
M. incognita Race 3 . In concomitant inoculation mean GI and EMI values 
were reduced to 4.00 to 3.50 respectively (Table 5) . 
b. Population of females, total population and reproduction factor : Number 
of mature females, total population and reproduction factor were reduced 
by concomitant inoculation of the species. In concomitant inoculation 
of the species (Pi 1000 J^ of each) , the number of mature females 
was 885 irrespect ive of the species in contrast to 1000 for M. javanica 
and 940 of M. incognita Race 3 in the i r single species inoculation at 
the same inoculum level (Pi 2000 J ^ . The reduction was significant 
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at P = 0.05. In 885 females recovered, females of M. javanica (595) 
were greater in number than of M. incognita Race 3 (290). When compared 
to single inoculation at Pi 1000 J2 of both species , i t was observed 
that the number of females of M. javanica and M^ . incognita Race 3 
significantly declined. This was significant at P = 0.05 for M. javanica 
and at both P = 0.05 and P = 0.01 for M. incognita Race 3 . The per cent 
reduction in the number of females was much greater for M. incognita 
Race 3 (51.67%) than of M. javanica (11.85%) (Table 6) . 
Significant reduction (at P = 0.05) in total population in their 
concomitant presence was also noticed. In concomitant inoculation the 
total population was 1490 in contrast to 1840 of M. javanica and 1701 
of M. incognita Race 3 , in single species inoculation at the same inoculum 
level . The Rf value was also reduced significantly (at P = 0.05) in 
concomitant inoculation when compared to single species inoculation 
at the same inoculum level . Rf value was 0.74 in concomitant presence 
of both the species while in single species inoculation at the same 
inoculum level i t was 0.92 for M. javanica and 0.85 for M. incognita 
Race 3 (Table 6 ) . 
! • • Interaction between M. javanica and M. incognita Race 4 
a. Shoot growth, root galling and eggmass production ; M. javanica and 
M- ^"cognita Race 4 in single inoculation at both the inoculum levels 
and in their concomitant inoculation significantly reduced growth parameters 
of tomato plants (at P _= 0.05). These reductions with 1000 J^ or 2000 J^ 
of each nematode species in single inoculation and reduction in their 
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concomitant inoculation (Pi 1000 J^ °^ ^^^^^ ^®^® "°* significantly 
different. Reductions with 1000 J2 or 2000 J^ of ei ther species also 
did not differ significantly. The per cent reduction caused by M. 
javanica was greater than M. incognita Race 4. In concomitant inoculation 
the per cent reduction was less than caused by M. javanica alone 
but greater than caused by M. incognita Race 4 alone (Table 7 ) . 
The mean GI and EMI were reduced in concomitant inoculation, 
when compared with their single inoculation at the same inoculum level 
as in earl ier experiments (Table 7 ) . 
b . Population of females, total population and reproduction factor : The 
number of mature femaless, total nematode population and reproduction 
factor v^ere poor in thei r concomitant presence on the same root system. 
Total number of females irrespective of species in concomitant inoculation 
was reduced. The number of females in concomitant inoculation was 
755 in contrast to 1028 of M. javanica and 880 of M. incognita Race 4 
in thei r single inoculation. In the females recovered from concomitant 
inoculations (755), number of females of M. javanica (525) was greater 
than of M. incognita Race 4 (230). When these numbers were compared 
with the number of females obtained from single inoculation at 1000 J 
of each species , i t emerged that the number of females of both the 
species were reduced significantly. This reduction was significant at 
P = 0.05 for M. javanica and at both P = 0.05 and P = 0.01 for M. 
incognita Race 4 (Table 8 ) . 
Reduction i. total population was also observed in their concomlUnt 
presence. The total population of M. javanica was 1818 and of M 
acogs l t a Race 4. 161, at san.e inoculu. l eve ls . 1„ their concomitant 
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presence at the same inoculum level (Pi 1000 J^ of each) the total 
population was 1323. This reduction was significant at both P = 0.05 
and P = 0.01 when compared to M. javanica, and at P = 0.05 when 
compared to M. incognita Race 4 at the same inoculum level (Table 8 ) . 
The Rf value was also significantly lower in concomitant inoculation 
of the species than in their single species inoculation at the same 
inoculum level (Table 8 ) . 
2 . INTRASPECIFIC INTERACTIONS OF MELOIDOGYNE JAVANICA AND MELOIDOGYNE 
INCOGNITA 
Intraspecific interactions of Meloidogyne javanica and Race 1, 
Race 2, Race 3 and Race 4 of M. incognita were studied separately 
to assess their self-interaction (interaction between the individuals 
of the species/race) and interactive affects on development of females, 
population growth, reproduction factor and on plant growth. The intraspecif ic 
interactions of each race of M^ . incognita and of M. javanica were studied 
separately in two ways by using 10,000 J- for inoculation. In one, 
the inoculum was added in one instalment (non-split inoculation) and 
in other the same inoculum was added in two instalments (spl i t inoculation), 
adding second instalment after a gap of one week. In spl i t inoculations, 
the inoculum level of 10,000 J^ was spl i t in three different ratios 
viz . 2500+7500 J^, 5000+5000 J^ and 7500+2500 J^. The test plant for 
all the experiments was tomato cv. Pusa Ruby. 
^* fatraspecific interactions at different inoculum levels 
i . M. javanica 
In Intraspecific interaction of M. javanica. when four different 
inoculun, levels (10. 100, 1000 and 10.000 J^) were used, a progressing 
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decrease in growth parameters of tomato (length, fresh and dry weights 
of shoot) occurred with increase in the inoculum level . A.11 the inoculum 
levels caused reduction in all the considered plant growth parameters. 
A direct correlation existed between the initial inoculum level (Pi) and 
extent of reductions in various parameters. The reductions caused 
by 10 Jy and 100 J , were, however, not significantly different. 
The reductions in the growth parameters caused by \000 J2 la t P = 0.0S> 
and with 10,000 J , (at both P = 0.05 and P = 0.01) were significant. 
Highest reductions were caused by 10,000 J^. The reductions in growth 
parameters caused by 10 J , and 1000 J2 and by 100 J^ and 1000 J2 
were also significantly different at P = 0.05. With 10,000 J^, reductions 
were significantly greater than any inoculum level . Root galling and 
eggmass production showed a correlation with the inoculum level (P i ) . 
The mean GI and EMI values were increased with an increase in the 
inoculum level . The mean GI and EMI were 5.0 at 10,000 J^ and 
1.25/0.50, 2.50/1.75 and 4.75/3.75 at 10, 100 and 1000 J^ respectively 
(Table 9 ) . 
In the intraspecific interaction, the number of mature females, 
total nematode population (soil + root population) and reproduction 
factor (Rf) of M. javanica were influenced by i ts initial inoculum 
level ( P i ) . The number of mature females recovered from roots showed 
progressive increase with the increasing inoculum level . Highest 
number of mature females developed with 10,000 J A similar trend 
was found in total population of the nematode. But in the reproduction 
factor (Rf) of the nematode, the trend was different. The Rf valu 
gradually declined with increase in P i . With the increase in the 
e 
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inoculum l eve l from 10 to 100 J ^ , Rf value showed an i n c r e a s e , which 
was , howeve r , not s igni f icant . When inoculum l e v e l was increased 
from 100 to 1000 J , or from 1000 to 10,000 J^, Rf va lues dec l ined 
p r o g r e s s i v e l y (s ignif icant a t P = 0 . 0 6 ) . Lowest Rf value was obta ined 
with inoculum l eve l of 10,000 J^ (Table 10 ) . 
Table 9 . Intraspecific interaction of Meloidogyne javanica on tomato 
( c v . 
gaU 
Inoculum l eve l 
(P i ) 
00 
(uninoculated) 
10 
100 
1000 
10000 
L.S.D. 
P = 0.05 
P = 0.01 
Pusa Ruby) at different inoculum 
index (GI) and eggmass index (EMI). 
Length 
(cm) 
33.76 
33.15 
(1 .81) 
32.90 
(2.55) 
29.85* 
(11.58) 
26.12** 
(22.63) 
2.92 
3.70 
Shoot growth 
F re sh weight 
(g) 
27.17 
26.90 
(0 .99) 
26.70 
(1.73) 
24.93* 
(8 .24) 
21.15** 
(22.16) 
1.28 
2.85 
l e v e l s : 
Dry weight 
(g) 
6.36 
•6.22 
(2 .21) 
6.00 
(5.66) 
05 .44* 
(14.47) 
04.12** 
(35.22) 
0.52 
1.30 
Shoot growth , 
GI/EMI 
(mean) 
-
1.25/0.50 
2 .50/1 .75 
4 .75/3 .76 
5 .00/5 .00 
Each value i s mean of 5 r e p l i c a t e s . 
Values in pa r en the se s r e p r e s e n t p e r cent r educ t ion . 
* J" '^ «**«^*^"®^ *'"® s ignif icant ly di f ferent a t P=0.05 and at both P-n rm 
and P=0.01 r e s p e c t i v e l y from uninoculated con t ro l . ^ ' ^^ 
Pi = In i t ia l popula t ion . 
i l . M. incognita Race 1 
M. iacoff i iu Race 1 a lso caused signif icant r educ t ions in shoot 
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growth parameters of tomato, but not at all the inoculum levels . 
Reductions were significant only with 1000 J2 (at P = 0.05)and 10000 J^ 
(at both P = 0.05 and P = 0.01). The mean GI and EMI showed a 
correlation with the level of inoculum ( P i ) . The mean GI and EMI 
were 6.0 at 10000 J^. Lower GI and EMI values were recorded with 
other levels of inoculum (Table 11). 
Table 11. Intraspecific interaction of Meloidogyne incognita Race 1 on 
tomato (cv . Pusa Ruby) at different inoculum levels: Shoot 
growth, gall index (GI) and eggmass index (EMI). 
Inoculum l eve l 
(P i ) Length 
(cm) 
Shoot growth 
F re sh weight 
(g) 
Dry weight 
(g) 
GI/EMI 
(mean) 
00 
(uninoculated) 
10 
100 
1000 
10000 
L.S .D. 
P = 0, 
P = 0, 
.05 
.01 
29.56 
29.45 
(0.34) 
29.05 
(1.69) 
27.00* 
(8 .63) 
23.60** 
(20.14) 
2.02 
3.75 
22.00 
21.91 
(0 .41) 
21.55 
(2.05) 
20.50* 
(6 .82) 
18.25** 
(17.05) 
1.01 
2.08 
4.25 
4.20 
(1.18) 
4.15 
(2.35) 
03.60* 
(15.29) 
02.35** 
(44.71) 
0.55 
1.20 
1.25/0.50 
2 .25/1 .50 
4 .00 /3 .50 
5 .00/5.00 
Each value is mean of 5 repl icates . 
Values in parentheses represent per cent reduction. 
Pi = Initial population. 
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Number of females and total nematode population also showed 
a direct correlation with increase in the initial inoculum levels (P i ) . 
More females developed and higher populations were noticed with 
the increase in the inoculum level . The inoculum of 10 J2 and 100 J2 
did not differ significantly in th is respect . Highest number of females 
of the nematode were recorded with 10000 J , . The reproduction factor 
of M. incognita Race 1 like M. javanica was, however, affected adversely 
at higher inoculum leve ls . When inoculum level was increased from 
10 to 100 Jp, Rf value significantly increased (at P= 0.05)-. But when the 
inoculum level was increased from 100 J^ to 1000 3^, Rf value declined. 
It further declined when inoculum level was increased from 1000 J2 to 
10000 J2 (Table 12). 
i i i . M. incognita Race 2 
The trend of reductions caused by different inoculum levels 
of M. incognita Race 2 in growth parameters of tomato was similar 
to those observed in intraspecific interactions of M. javanica and 
M. incognita Race 1. The mean GI and EMI were greatest at 10000 J , . 
However, at lower inoculum levels , the mean GI and EMI were slightly 
different from those obtained in M. incognita Race 1 or M. javanica 
(Table 13). 
The number of mature females and total nematode populations 
were direct ly correlated with initial inoculum levels . Greater number 
of females and higher populations were recorded with increasing the 
level of inoculum. The reproduction factor (Rf) of th is race of M. incognita 
also declined with an increase in the inoculum level (Pi) from 100 to 1000 
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or from 1000 to 10000 J , . The lowest Rf value was recorded with 10000 J , 
as in Race 1. Conversely, an increase (significant at P = 0.05) in 
Rf value occurred when Pi was raised from 10 to 100 J- (Table 14). 
Table 13. Intraspecilic interaction of Meloidogyne incognita Race 2 on 
tomato (cv . Pusa Ruby) at diffeirent inoculum levels: Shoot 
growth, gall index (GI) and eggmass index (EMI). 
Inoculum level 
(Pi) Length 
(cm) 
Shoot growth 
Fresh weight 
(g) 
Dry Weight 
(g) 
GI/EMI 
(mean) • 
00 
(uninoculated) 
10 
100 
1000 
10000 
L.S.D. 
P=0.05 
P=0.01 
29.50 
29.40 
(0.34) 
29.30 
(0.68) 
28.25* 
(4.24) 
25.35** 
(14.07) 
1.05 
2.70 
22.00 
21.92 
(0.37) 
21.66 
(1.59) 
20.60* 
(6.36) 
17.50** 
(20.45) 
1.02 
2.57 
5.25 
5.15 
(1.90) 
5.00 
(4.76) 
03.95* 
(24.76) 
02.50** 
(52.38) 
0.92 
1.42 
-
2.00/1.50 
3.50/3.00 
4.25/3.75 
5.00/5.00 
Each value is mean of 5 repl ica tes . 
Values in parentheses represent per cent reduction. 
* and **Values are significantly different at P = 0.05 and at both 
P=0.05 and P=0.01 respectively from uninoculated control. 
Pi = Initial population. 
i v . M. incognita Race 3 
The intraspecific interaction of M. incognita Race 3 at different 
inoculum levels showed a s i m i l a r +r-»n^ r-, 
s i m i l a r t r e n d . Like other two races 
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(Race 1 and Race 2) of Kl. incognita, Race 3 also caused a progressive 
decrease in all considered growth parameters with increasing inoculum 
level . Significant reductions in growth parameters were observed 
at 1000 J2 (At P = 0.05) and 10000 J2 (at both P = 0.05 and P = 0.01) 
when compared to control. The mean GI and EMI were 5.0 at 10000 J^ 
as in other races . The mean GI/EMI inoculum levels were slightly 
different from those observed for other races (Table 15). 
Table 15. Intraspecific interaction of Meloidogyne incognita Race 3 oa 
tomato (cv. Pusa Ruby) at different inoculum levels: Shoot 
growth, gall index (GI) and eggmass index (EMI). 
Inoculum level 
(Pi) Length 
(cm) 
Shoot growth 
Fresh weight 
(g) 
Dry weight 
(g) 
GI/EMI 
(mean) 
00 
(uninoculated) 
10 
100 
1000 
10000 
L.S.D. 
P=0.05 
P=0.01 
31.75 
31.50 
(0.79) 
31.25 
(1.57) 
29.55* 
(6.93) 
26.37** 
(16.94) 
1.65 
3.05 
22.35 
22.05 
(1.34) 
21.87 
(2.15) 
19.89* 
(11.01) 
17.00** 
(23.94) 
1.25 
2.58 
5.30 
5.20 
(1.89) 
5.04 
(4.91) 
03.95* 
(25.47) 
02.15** 
(59.43) 
0.80 
1.40 
1.75/1.25 
2.75/2.00 
4.50/4.00 
5.00/5.00 
Each value is mean of 6 repl ica tes . 
Values in parentheses represent per cent reduction. 
* and **Values are significantly different at P = 0.05 and at both 
P=0.05 and P=0.01 respectively from uninoculated control. 
Pi = Initial population. 
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The effects of intraspecific interaction of M. incognita Race 3 at 
different levels of initial Inoculum on the number of mature females and total 
nematode population recorded were same as in case of Race 1 and Race 2 
of Nd. incognita. The reproduction factor (Rf) increased when the inoculum 
level was increased from 10 to 100 J- (significant at P = 0.05) as observed 
in intraspecific interaction of Race 1 and Race 2. Thenafter, reproduction 
factor progressively declined with the increasing inoculum level . Lowest 
Rf value was found at 10000 J , (Table 16). 
v . M. incognita Race 4 
In all respects , of the considered parameters of intraspecific 
interaction studies, M^ . incognita Race 4 was similar to those of other 
3 races of M. incognita (Tables 17, 18). 
Trends of increase or decrease in all growth parameters of 
tomato plants , root galling and eggmass production, population of mature 
females, total nematode population and Rf value were more or less 
identical in all the 4 races of ^ . incognita. 
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Table 17. Intaraspecific interaction of Meloidogyne incognita Race 4 on 
tomato ( c v . Pusa Ruby) at different inoculum l e v e l s : Shoot 
growth, gal l index (GI) and eggmass index (EMI). 
Inoculum leve l Shoot growth GI/EMI 
(P i ) Length F re sh weight Dry weight (mean) 
(cm) (g) (g) 
00 27.75 18.35 3.90 
(uninoculated) 
10 
100 
1000 
10000 
L . S . D . 
P=0.05 
P=0.01 
Each value i s mean of 5 r e p l i c a t e s . 
Values in pa ren theses r e p r e s e n t p e r cent r educ t ion . 
* and **Values a re s ignif icant ly d i f ferent at P = 0.05 and a t both 
P-0 .05 and P=0.01 r e s p e c t i v e l y from uninoculated con t ro l . 
P i = In i t i a l popula t ion . 
27.15 
(2.16) 
26.75 
(3.60) 
25.66* 
(7.63) 
23.50** 
(16.32) 
1.08 
2.06 
18.22 
(0.71) 
18.00 
(1.91) 
17.25* 
(5.99) 
16.25** 
(16.89) 
0.74 
1.75 
3.80 
(2.56) 
3.68 
(5.64) 
02.94* 
(24.62) 
01.24** 
(68.21) 
0.72 
1.68 
1.25/0.75 
2.50/1.25 
3.75/3.25 
6.00/6.00 
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II. Intraspecific interactions in split and non-split inoculations 
i . M. javanica 
All growth parameters (length, fresh and dry weights) of tomato 
were significantly reduced by both spl i t and non-split inoculations. 
The reductions caused by spl i t inoculations in al l the growth parameters 
in general, were greater than non-split inoculation. Highest reductions 
in growth parameters were obtained with spl i t inoculation in the ratio 
of 2500+7500 J2 . These reductions were significant in comparison to 
control (non-split inoculation of 10000 J ^ ) . Reductions obtained with 
5000+5000 J , and 7500+2500 J_ were lower than in 2500+7500 J^ and 
significantly different at P = 0.05 from non-split inoculation. Differences 
in reductions in growth parameters caused by different ratios in spl i t 
inoculations were, however, not significant. 
Splitting of the inoculum level (Pi) in any ra t io , did not affect 
root-galling and eggmass production as evident from GI and EMI values. 
The mean GI and EMI values were invariably 5.0 in all the three 
ratios of the spl i t inoculations. Mean GI and EMI in non-split inoculation 
were also 5.0 (Table 19). 
Splitting of inoculum level significantly affected the population 
of females, total nematode population and reproduction factor (Rf). 
Significantly greater number of females were obtained in spl i t inoculation 
in comparison to non-split inoculation (Pi 10000 J-) (significant at 
P = 0.05). Highest number of females developed in the spl i t inoculation 
of the ratio 2500+7500 J2 . The total nematode population obtained in 
spl i t inoculations in all the three rat ios were significantly greater 
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Table 19. Intraspecific interaction of Meloidogyne javanica on tomato 
(cv . Pusa Ruby) in split inoculations of the inoculum level (10000 J-) 
in different ratios : Shoot growth, gall index (GI) and eggmass 
index (EMI). 
Inoculum level 
(Pi) 
Uninoculated (control) 
00 
Non-split inoculation 
10000 
Split inoculations 
I . 2500+7500 
II . 5000+5000 
III . 7500+2500 
L.S.D. 
P = 0.05 
P = 0.01 
Length 
(cm) 
35.88 
27.40 
(23.62) 
23.67** 
(34.03) 
24.10* 
(32.83) 
24.70* 
(31.16) 
2.18 
3.69 
Shoot growth 
Fresh weight 
(g) 
27.90 
22.66 
(19.14) 
19.35** 
(30.65) 
20.60* 
(26.16) 
20.65* 
(25.99) 
2.00 
3.19 
Dry weight 
(g) 
9.36 
06.15 
(44.98) 
03.13** 
(67.63) 
04.15* 
(55.56) 
04.20* 
(55.13) 
1.15 
2.10 
GI/EMI 
(mean) 
-
5/5 
5/5 
5/5 
5/5 
Each value is mean of 5 repl ica tes . 
Values in parentheses represent per cent reduction over uninoculated control. 
All values are significantly different at both P = 0.05 and P = 0.01 from 
uninoculated control. 
* and ** Values are significantly different from non-split inoculation at 
P = 0.05 and at both P = 0.05 and P = 0.01 respect ively. 
Pi = Initial Population. 
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than in non-split inoculation. Highest population was found with 
Pi 2500+7500 J-,. The differences in these respects (number of females 
and total nematode populations) between three different ratios of spl i t 
inoculations were not significant (Table 20). 
The reproduction factor (Rf) of M. javanica also exhibited 
significant increase over non-split inoculation at P = 0.05. The Rf 
value was greater in spl i t inoculum level of 2500+7500 J- in comparison 
to other two ratios of spl i t inoculation. These differences between 
the three ratios were, however, not significant (Table 20). 
i i . M. incognita Race 1 
Non-split inoculation with 10000 J , or spl i t inoculations of 
10000 J- in three different ratios caused significant reductions in 
all the growth parameters. The per cent reductions were greater in 
the ratio of 2500+7500 J- of the spl i t inoculation than in other two 
ratios and were significantly different at both P = 0.05 and P = 0.01 
from non-split inoculation. But with other two ratios reductions were 
significantly different only at P = 0.05. Root galling and eggmass 
production were not affected by splitting of the P i . GI and EMI values 
were 5.0 in all modes of inoculations (Table 21). 
Splitting of the inoculum level of 10000 J- in two instalments, 
affected population of females, total nematode population and reproduction 
factor. Significantly greater number of females and higher total nematode 
population were obtained with splitting the P i . These were greatest 
at 2500+7500 J^. The variations recorded between three different spl i t 
inoculations were not significant (Table 22). 
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Table 21. Intraspecific interaction of Meloidogyne incognita Race 1 on 
tomato (cv . Pusa Ruby) in split inoculations of the inoculum 
level (10000 J-) in different ratios : Shoot growth, gall index(GI) 
and eggmass inaex (EMI). 
Inoculum l eve l 
(P i ) 
Uninoculated (control) 
00 
Non-split inoculati<»i 
10000 
Sp l i t inoculations 
I . 2500+7500 
I I . 5000+5000 
I I I . 7500+2500 
L .S .D. 
P = 0.05 
P = 0.01 
Length 
(cm) 
30.00 
24.85 
(17.17) 
21.50** 
(28.33) 
22.00* 
(26.67) 
22.50* 
(25.00) 
1.95 
3.15 
Shoot growth 
F re sh weight 
(g) 
22.50 
16.60 
(26.22) 
14.25** 
(36.67) 
14.50* 
(35.56) 
15.15* 
(32.67) 
1.25 
2.30 
Dry weight 
(g) 
4.15 
02.50 
(39.75) 
01.25** 
(69.87) 
01.50* 
63.85) 
01.75* 
(57.83) 
0.60 
1.20 
GI/EMI 
(mean) 
5/5 
5/5 
5/5 
5/5 
Each value is mean of 5 repl ica tes . 
Values in parentheses represent per cent reduction over uninoculated control. 
All values are significantly different at both P = 0.05 and P = 0.01 from 
uninoculated control. 
Pi = Initial Population. 
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The Rf value was significantly enhanced (at P = 0.05) by splitting 
of the inoculum level (Pi) i i r respect ive of the ra t ios . Greatest Rf 
value was again obtained with spl i t inoculum level of 2500+7600 J^ 
and lowest with 7500+2500 Jj' This difference was, however, not significant 
(Table 22). 
i i i . M. incognita Race 2 
The trends in intraspecific interactions in spl i t inoculations 
of M. incognita Race 2 was similar to those obtained for M. javanica 
or M. incognita Race 1. By splitting of the inoculum level (Pi) into 
three different ra t ios , plant growth parameters, number of females, 
total population and reproduction factor (Rf) were variously and 
significantly affected but root-gall index and eggmass index were not 
changed. 
Greatest reduction in growth, highest number of females and 
total population and greatest Rf value were obtained when Pi was 
2500+7500 J- in spl i t inoculation. These values, however, did not 
differ significantly from those obtained with other two spl i t inoculations 
(5000+5000 J^; 7500+2500 13) (Tables 23, 24). 
i v . M. incognita Race 3 
Results of intraspecific interactions of M. incognita Race 3 
in spl i t inoculations showed the same pattern as observed for M. 
incognita Race 1 and M. incognita Race 2. Split inoculations regardless 
of the ratios caused greater growth reduction, produced more females 
and increased the total population and reproduction factor than in 
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Table 23. Intraspecific interaction of Meloidogyne incognita Race 2 on 
tomato (cv . Pusa Ruby) in split inoculations of the inoculum 
level (10000 J , ) in different ratios : Shoot growth, gall index(Gl) 
and eggmass i i^ez (EMI). 
Inoculum level 
(Pi) 
Uninoculated (control) 
00 
Non-split inoculation 
10000 
split inoculations 
I . 2500+7500 
II . 5000+5000 
III. 7500+2500 
L.S.D. 
P = 0.05 
P = 0.01 
Length 
(cm) 
29.00 
25.70 
(11.38) 
22.00** 
(24.14) 
23.15* 
(20.17) 
23.85* 
(17.76) 
1.90 
3.25 
Shoot growth 
Fresh weight 
(g) 
21.90 
17.95 
(18.04) 
15.80** 
(27.85) 
16.20* 
(26.03) 
16.40* 
(25.11) 
1.50 
2.13 
Dry weight 
(g) 
5.15 
03.75 
(27.18) 
02.60** 
(49.51) 
02.76* 
(46.60) 
02.95* 
(42.72) 
0.82 
1.14 
GI/EMI 
(mean) 
-
5/5 
5/5 
5/5 
5/5 
Each value is mean of 5 repl ica tes . 
Values in parentheses represent per cent reduction over uninoculated control. 
All values are significantly different at both P = 0.05 and P = 0.01 from 
uninoculated control. 
* and ** Values are significantly different from non-split inoculation at 
P = 0.05 and at both P = 0.05 and P = 0.01 respect ively. 
Pi = Initial Population. 
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non-split inoculation. GI and EMI were not affected. Among the three 
different ratios used, 2500+7600 J-, was most effective in these respec ts . 
But increase or decrease in different considered parameters did not 
differ significantly between the three rat ios of spl i t inoculations 
(Tables 25,26). 
V. M. incognita Race 4 
In pattern, intraspecific interactions of M. incognita Race 4 
in spl i t inoculations was also similar to other races of M. incognita. 
Greater growth reduction was recorded with splitting the P i , i rrespective 
of the ra t ios . Similarly, splitting of Pi in ei ther ratios used significantly 
promoted the number of females, nematode population and reproduction 
factor (Rf). Gall index and eggmass index were not influenced. These 
effects, as observed for other races , were greater in 2500+7500 J-
than in other ra t ios , but th is difference was not significant (Tables 27,28). 
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Table 25. Intraspecific interaction of Meloidogyne incognita Race 3 on 
tomato (cv. Pusa Ruby) in split inoculations of the inoculum 
level (10000 J , ) in different ratios : Shoot growth, gall index(GI) 
and eggmass i i^ez (EMI). 
Inoculum level 
(Pi) 
Uninoculated (control) 
00 
Non-split inoculation 
10000 
Split inoculations 
I . 2500+7500 
I I . 5000+5000 
III . 7500+2500 
L.S.D. 
P = 0.05 
P = 0.01 
Length 
(cm) 
31.75 
26.37 
(16.94) 
23.95** 
(24.57) 
24.25* 
(23.62) 
25.15* 
(20.78) 
1.28 
2.40 
Shoot growth 
Fresh weight 
(g) 
22.35 
17.00 
(23.94) 
14.90** 
(37.81) 
15.35* 
(31.32) 
15.78* 
(29.40) 
1.03 
2.10 
Dry weight 
(g) 
5.30 
02.15 
(59.43) 
01.10** 
(79.25) 
01.65* 
(68.86) 
01.75* 
(66.98) 
0.38 
0.95 
GI/EMI 
(mean) 
-
5/5 
5/5 
5/5 
5/5 
Each value is mean of 5 repl icates . 
Values in parentheses represent per cent reduction over uninoculated control. 
All values are significantly different at both P = 0.05 and P = 0.01 from 
uninoculated control. 
* and ** Values are significantly different from non-split inoculation at 
P = 0.05 and at both P = 0.05 and P = 0.01 respect ively. 
Pi = Initial Population. 
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Table 27. Intraspecific interaction of Meloidogyne incognita Race 4 on 
tomato (cv. Pusa Ruby) in split inoculations of the inoculum 
level (10000 J2) in different ratios : Shoot growth, gall index(Gl) 
and eggmass index (EMI). 
Inoculum level 
(Pi) 
Uninoculated (control) 
00 
Non-split inoculation 
10000 
split inoculations 
I . 2500+7500 
I I . 5000+5000 
III . 7500+2500 
L.S.O. 
P = 0.05 
P = 0.01 
Length 
(cm) 
27.75 
23.50 
(15.32) 
21.75** 
(21.62) 
21.80* 
(21.44) 
22.05* 
(20.54) 
0.80 
1.70 
Shoot growth 
Fresh weight 
(g) 
18.35 
15.25 
(16.89) 
14.00** 
(23.71) 
14.07* 
(23.32) 
14.12* 
(23.05) 
0.60 
1.22 
Dry weight 
(g) 
3.90 
01.24 
(68.21) 
00.95** 
(75.64) 
00.98* 
(74.87) 
01.02* 
(73.84) 
0.15 
0.28 
GI/EMI 
(mean) 
-
5/5 
5/5 
5/5 
5/5 
Each value is mean of 5 repl ica tes . 
Values in parentheses represent per cent reduction over uninoculated control. 
All values are significantly different at both P = 0.05 and P = 0.01 from 
uninoculated control. 
* and ** Values are significantly different from non-split inoculation at 
P = 0.05 and at both P = 0.05 and P = 0.01 respect ively. 
Pi = Initial Population. 
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3 . INTERACTIVE EFFECTS OF MELOIDOGYNE JAVANICA AND M. INCOGNITA ON 
THEIR FECUNDITY AND MORPHOMETRICS 
The i n t e r a c t i v e effects of the in te rac t ions between M^ . j avanica 
and the r aces of M. incognita (Race 1, Race 2 , Race 3 and Race 4) on t h e i r fecun-
d i ty and morphometr ies of t h e i r females were s tud ied sepai^ately on tomato c v . 
PusaRuby in glasshouse condi t ions . The r e s u l t s a r e r e p o r t e d in Tables 29 and 30. 
a. Fecundity : The fecundity of M. javanica and Race 1, Race 2 , Race 3 
and Race 4 of M. incognita were a d v e r s e l y influenced by i n t e r ac t i ve effects of 
t h e i r i n t e r ac t i ons . In genera l , fecundity of M. javanica was compara t ive ly l e s s 
affected than e i t h e r of the r aces of M^ . incognita excep t Race 2 , in i t s 
in teract ion with M. incognita r a c e s . In in terac t ion of M^ . javanica and 
M. incognita Race 2 , t h e fecundity of both was a d v e r s e l y affected almost 
e q u a l l y . 
The in terac t ion of M. javanica and M_. incognita Race 1 a d v e r s e l y 
affected the fecundity of M. incognita Race 1 (number of eggs / eggmass ) . 
The fecundity of M^. javanica remained unchanged. In s ingle inoculation wi th 
2000 J 2 , t he fecundity of M. javanica ranged between 280 and 575 (mean 421) 
and of M. incognita Race 1 between 260 and 425 (mean 345) . In concomitant 
inoculation of both the spec ies (1000 J , of each) the fecundity ranges were 
between 270 and 565 (mean 418) for M. javanica and 200 and 380 (mean 293) 
for M. incognita Race 1. When compared to i t s fecundi ty in s ingle inoculation 
with 2000 J_ , fecundity of M. incognita Race 1 was s ignif icant ly reduced 
as a r e su l t of i t s in te rac t ion with M^ . j avan i ca . The s l i g h t reduct ion obse rved 
in fecundity of M. javanica was , howeve r , not s igni f icant . The p e r cent 
reduct ion in fecundity of M. incognita Race 1 was 15.07 in cont ras t to 0.71 
of M. javanica (Table 2 9 ) . 
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Table 29. Interactive effects on fecundity of Meloidpgyne javanica and 
Race 1, Race 2, Race 3 and Race 4 of M. incognita on tomato 
(cv. Pusa Ruby). 
Inoculations 
(single / concomitant) 
Single inoculation 
M. javanica (2000 J^) 
M. incognita Race 1 (2000 J2) 
M. incognita Race 2 (2000 J2) 
M. incognita Race 3 (2000 J2) 
M. incognita Race 4 (2000 J2) 
Concomitant inoculation 
M. javanica + M. incognita Race 1 
(1000 + 1000 J^) 
M. javanica 
M. incognita Race 1 
M. javanica + M. incognita Race 2 
(1000 + 1000 J2) 
M. javanica 
M. incognita Race 2 
M. javanica + M^ . incognita Race 3 
(1000 + 1000 J2) 
M. javanica 
M. incognita Race 3 
M. javanica + M. incognita Race 4 
(1000 + 1000 J^) 
M. javanica 
M. incognita Race 4 
No. of eggs/eggnaass Per cent 
Range Mean reduction 
280-575 
260-425 
225-440 
240-418 
236-432 
421 
345 
360 
330 
340 
270-565 
200-380 
265-415 
200-398 
275-555 
220-380 
265-568 
200-390 
418 
293** 
360* 
300* 
415 
280** 
417 
305* 
0.71 
15.07 
14.49 
16.67 
1.43 
15.15 
0.95 
10.29 
Each value is the mean of 15 eggmasses. 
* and ** ' t ' values are significantly different at P = 0.05 and at both 
P = 0.05 and P = 0.01 respectively over single inoculation. 
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In the in terac t ion between M. javanica and M. incognita Race 2 , 
fecundity of both were s ignif icant ly r e d u c e d . The reduc t ions were 16.67% 
and 14.49% for M. incognita Race 2 and M. javanica r e s p e c t i v e l y (Table 2 9 ) . 
The in terac t ion of M. javanica and M. incognita Race 3 s ignif icant ly 
decreased the fecundity of M. incognita Race 3 a lone . In single inoculation 
with 2000 J , , fecundity range of M. incognita Race 3 was 240-418 (mean 330) . 
But in concomitant inoculation (1000 J - of each) the fecundity range 
was reduced to 220-380 (mean 280) . This reduct ion was 15.15%. The 
fecundity of M^ . javanica was , however , not s ignif icant ly af fected. Reduction 
in i t s fecundity was 1.43% only (Table 2 9 ) . 
The in terac t ion between M. javanica and M. incognita Race 4 a lso 
s ignif icant ly affected the fecundity of M. incognita Race 4 on ly . In 
single inoculation with 2000 J_ , t he fecundity range of M. incognita 
Race 4 was 236-432 (mean 340) . But i t s fecundity range was reduced to 
200-390 (mean 305) in i t s concomitant presence with M. javanica (1000 J^ 
of e a c h ) . Th i s reduct ion was s igni f icant . The p e r cent reduct ion in 
the fecundity of M. incognita Race 4 was 10.29 in cont ras t to 0.95 
of M. javanica (Table 29 ) . 
b . Morphometries : The i n t e r a c t i v e effects of in te rac t ions of M. javanica 
wi th e i t h e r race of M. incognita (Race 1, Race 2 , Race 3 , Race 4) 
on morphometr ies of females were examined s e p a r a t e l y . In gene ra l , t he 
morphometr ies of females of M. javanica and M. incognita ( e i t h e r r ace ) 
in re la t ion to length and width of the b o d y , neck and median bulb 
and length of the s t y l e t in t h e i r in te rac t ions were not affected s ign i f i can t ly . 
When the cons idered pa rame te r s of morphometr ies of females from 
single inoculat ions of M. javanica o r M. incognita ( e i t h e r r ace ) were 
compared with those obtained in t h e i r combined inocula t ions , no signif icant 
va r i a t ions were obse rved (Table 3 0 ) . 
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4 . PATHOTROPHIC ABILITY 
Comparat ive pa tho t roph ic a b i l i t i e s (in t e rms of p lan t damage 
and reproduct ion eff iciency) of M. javanica and Race 1, Race 2 , Race 3 
and Race 4 of M. incognita were a s se s sed on tomato c v . Pusa Ruby 
and eggplant c v . Pusa Kranti under g lasshouse condit ions in a r t i f i c i a l 
inocula t ions . 
A. TOMATO 
a. Shoot growth, root galling and eggmass production : M. javanica and 
a l l t he four r ace s of M. incognita (each with Pi 5000 J , ) caused signif icant 
reduct ions in shoot growth of tomato. Shoot l eng th , frfesh and d r y weights 
were s ignif icant ly supp re s sed by a l l the t e s t nematodes . When the p lan t 
damage (% reduct ion in l eng th , f resh and d r y weights of shoot) caused 
by the M^ . javanica and r ace s of KI. incognita wa i compared , i t was 
noticed t h a t M. javanica caused g rea t e r pathogenic damage than a l l the 
4 r ace s of M. incogni ta . The reduct ion caused by N4. javanica was s ign i f i -
cantly (at P = 0.05) g rea t e r than Race 3 and Race 4 but in comparison 
to Race 1 and Race 2 the d i f ferences were not s ignif icant (Table 3 1 ) . 
When the p lan t damages caused by the r aces of M. incognita 
were compared , i t was found t h a t t he h ighes t reduct ion was caused 
by Race 2 followed by Race 1. The reduct ions in growth pa rame te r s 
caused by Race 2 were s ignif icant ly g rea te r (a t P = 0.05) than those 
caused by e i t h e r Race 3 or Race 4 . The d i f ferences in reduct ions caused 
by Race 1 and Race 2 were not s igni f icant . Race 1 a l so caused s ignif icant ly 
g rea te r (at P = 0.05) reduct ions than Race 3 , but the d i f ferences in 
reduct ions caused by Race 1 and Race 4 were not s igni f icant . The 
Race 3 showed l eas t damages caused to plant growth pa ramete r s cons ide red . 
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The differences in reductions caused by Race 3 and Race 4 were not 
significant. The damages caused in tomato (cv . Pusa Ruby) shoot growth 
by the nematodes were in the following order: M. javanica ^ M. incognita 
Race 2 > M. incognita Race 1 >• M. incognita Ra|:e 4 > M. incognita 
Race 3 . 
Table 31. Comparative pathotrophic ability of Meloidogyne javanica and 
Race 1, Race 2 , Race 3 and Race 4 of| M. incognita at the 
same inoculum level (5000 J ) on tomato (cv . Pusa Ruby): Shoot 
growth, gall index (GI) and eggmass index (EMI). 
Meloidogyne species 
Inoculum 
level 
(J2) 
Length 
(cm) 
Shoot growjth 
^ Fresh 
weight 
(g) 
Dry 
weight 
(g) 
GI/EMI 
(Mean) 
Uninoculated (control) 00 
M. javanica 5000 
M. incognita Race 1 5000 
M. incognita Race 2 5000 
M. incognita Race 3 5000 
35.55 25.75 7.25 
M. Incognita Race 4 
L.S.D. 
P=0.05 
P=0.01 
5000 
Each value is mean of 5 repl ica tes . 
28.75 
(19.13) 
30.67 
(13.73) 
29.00 
(18.42) 
33.33 
(06.24) 
32.67 
(08.10) 
2.08 
4.68 
20.65 
(19.81) 
21.21 
(17.63) 
21.00 
(18.45) 
23.pO 
(10.68) 
22.80 
(11.46) 
1.78 
2.48 
05.00 
(31.03) 
05.15 
(28.97) 
05.09 
(29.79) 
05.95 
(17.93) 
05.85 
(19.31) 
0.74 
1.23 
5/5 
5/5 
5/5 
5/5 
5/5 
All values are significantly greater at both P=0.05 and P=0.01 over 
uninoculated (control) . 
Values in parentheses represent per cent reduction over uninoculated 
(control). 
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Root gal l ing and eggmass product ion of t h e nematodes on t h i s 
cu l t iva r of tomato d i d not show var ia t ion when r a t e d for gal l index (GI) 
and eggmass index (EMI). Mean GI and EMI were i n v a r i a b l y 5.0 for 
a l l the t e s t nematodes (Table 3 1 ) . 
b . Population of females , total population and reproduction factor: Population 
of mature females , to ta l populat ion and reproduct ion fac tor of the nematodes 
showed v a r i a t i o n s . The h ighes t number of mature females were r eco rded 
from roots inoculated wi th M. j avan ica . This was followed by Race 2 
of M. incogni ta . The difference between t h e number of females of 
M. javanica and Race 2 of M. incognita was not s ign i f ican t . The next in 
the o r d e r was Race 1 of M^ . incogni ta . The difference in the number 
of females produced by M. incognita Race 2 and M. incognita Race 1 
was not s igni f icant . M. j avan ica , however , p roduced s ignif icant ly g r e a t e r 
(at P = 0.05) number of females than M. incognita Race 3 and M. incognita 
Race 4 . Among the r aces of M^ . incognita , h ighes t number of mature 
females were produced by Race 2 which was s ignif icant ly (at P=0.05) 
grea te r than Race 3* I t was followed by Race 1 which produced s ignif icant ly 
(at P=0.05) g r ea t e r number of females than Race 3 . However, the d i f ferences 
between Race 1 and Race 2 ; and Race 1 and Race 4 were not s igni f icant . 
S imi la r ly , d i f ferences in the number of females between Race 2 and Race 4; 
and Race 3 and Race 4 were not s ignif icant (Table 3 2 ) . 
The to ta l population of the nematodes showed a t r end s imi l a r 
to the pa t t e rn obs rved for populat ion of females . The to ta l populat ion 
was h ighes t for M. j avan ica . I t was s ignif icant ly g r e a t e r than M. incognita 
Race 1 (at P=0 .05) ; and Race 3 and Race 4 (at both P=0.05 and P=0.01) 
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but was not significantly different from Race 2 of M. incognita. In the races 
of M. incognita, highest total population recovered was for Race 2. 
Its population was significantly greater (at P=0.05) than Race 3 and 
Race 4 but not than Race 1. The population of Race 1 was also significantly 
greater (at P=0.05) than Race 3 and Race 4. The populations of Race 3 
and Race 4 did not differ significantly (Table 32). 
Reproduction factor of the nematodes also varied accordingly. 
The Rf value was highest for M. javanica and it was significantly greater 
(at P=0.05) than M. incognita Race 1 and (at both P=0.05 and P=0.01) 
M. incognita Race 3 and Race 4. But i t was not significantly greater 
than Race 2 of M^ . incognita. Among the races of M. incognita, Rf value 
was highest for Race 2 followed by Race 1, Race 4 and Race 3 . The 
Rf value of Race 1 was significantly greater (at P=0.05) than Race 3 
and Race 4. However, Rf values of Race 1 and Race 2 did not vary 
significantly. The Rf value of Race 2 was significantly greater (at P=0.05) 
than Race 3 and Race 4. The Rf values of Race 3 and Race 4 were 
not significantly different (Table 32). 
c. Fecundity: The mean values of fecundity (number of eggs/eggmass) 
of the nematodes var ied. M. javanica showed significantly highest 
fecundity among the nematodes. It was followed by Race 2 of M. incognita. 
The fecunditiy of Race 1 was significantly greater than Race 3 and 
Race 4 (at both P=0.05 and P=0.01) but less than Race 2 (at P=0.05). 
The fecundity of Race 3 and Race 4 was also significantly less (at 
both P-0.05 and P=0.01) than Race 2. The fecundity of Race 4 was 
also significantly greater(at P=0.05)than Race 3 (Table 33). 
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Table 33. Fecundity of Meloidogyne javanica and Race 1, Race 2 , Race 3 
and Race 4 of M. incognita at the same inoculum level (5000 J2) 
on tomato (cv . Pusa Ruby). 
Meloidogyne species Inoculum level (J2) 
Numtper of eggs/eggmass 
Range Mean 
M. javanica 
M. incognita Race 1 
M. incognita Race 2 
M. incognita Race 3 
M. incognita Race 4 
5000 
5000 
5000 
5000 
5000 
Each value is mean of 15 eggmasses. 
270-590 
260-475 
265-520 
245-425 
262-465 
440 
398** 
410** 
340** 
380** 
** ' t ' value is significantly different from M. -javanica at both P - 0.05 
and P = 0.01. 
d . Morphometries : The morphometries of females in terms of length 
and width of body and neck also showed significant variations. The 
females of M. javanica was significantly larger at both P = 0.05 and P = 0.01 
than all the races of M. incognita. But the body length and width 
of the females of M. javanica were significantly greater than Race 2 
only at P = 0.05. Among the races , the females of Race 2 were largest 
followed by Race 1, Race 4 and Race 3 in this order . However, the 
differences between the races of M. incognita were not significant (Table 34). 
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Table 34 . Morphometries (LCm) of females of Meloidogyne javanica and 
Race 1, Race 2 , Race 3 and Race 4 of M. incognita at the 
same inoculum l e v e l (5000 J - ) on t(»nato ( c v . Pusa Ruby) . 
Parameters 
Mj 
Tomato c v . Pu6a Ruby 
MiR, MiR, MiR, MiR, 
BODY 
Length 
Width 
NECK 
Length 
Width 
STYLET 
Length 
MEDIAN BULB 
Leng^th 
Width 
375-838 
(665) 
370-745 
(535) 
200-365 
(280) 
75-150 
(115) 
16-18 
(17) 
35-45 
(40) 
30-40 
(35) 
428-775 
(582)** 
315-680 
(465)** 
105-300 
(220)** 
60-130 
(98)** 
14-17 
(15) 
35-40 
(38) 
25-38 
(31) 
450-975 
(625)* 
320-700 
(485)* 
120-490 
(241)* 
70-155 
(105)* 
14-18 
(16) 
35-45 
(38) 
30-40 
(34) 
425-750 
(565)** 
305-670 
(458)** 
105-295 
(215)** 
60-125 
(95)** 
15-18 
(16) 
35-40 
(37) 
28-35 
(30) 
430-770 
(570)** 
308-595 
(462)** 
115-380 
(218)** 
60-130 
(96)** 
14-18 
(16) 
36-42 
(38) 
30-38 
(33) 
Values in pa ren theses in a l l the columns of spec ie s and r aces a r e mean 
oi ID females . 
* j " ^ / ! T ^^^"®s a r e s ignif icant ly di f ferent from M. iavanica a t P = 0.05 
and at both P = 0.05 and P = 0.01 r e s p e c t i v e l y . " 
Mj = M javan ica ; MiR = M. incognita Race 1; MiR, = M. incognita Race 2-
M1R3 = M. incognita R a U 3 ; MiR^ = M. incognita Rale 47 '^  ^ ' 
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B. EGGPLANT 
a. Shoot growth, root galling and eggmass production : N4. javanica and a l l 
t he four r aces of M. incognita caused signif icant reduc t ions in shoot growth 
of eggplant c v . Pusa Kran t i . The t r e n d s in the ex tent of p lant damages caused 
by M. javanica and Race 1, Race 2 , Race 3 and Race 4 of M. incognita to 
eggplant c v . Pusa Kranti were s imi la r to those obse rved for tomato c v . Pusa 
Ruby. The reduc t ions in a l l t h e cons idered growth pa rame te r s of shoot 
caused by M^ . javanica were h i g h e s t . Among the r ace s of M. incognita , 
Race 2 was most damaging followed by Race 1, Race 4 and Race 3 in t h i s 
o r d e r . Race 2 of M^. incognita caused s ignif icant ly g rea t e r (at P = 0.05) 
reduct ion than Race 3 and Race 4 but not than Race 1. S i m i l a r l y , reduc t ions 
caused by M. javanica and M. incognita Race 2 ; and by M. incognita Race 3 
and Race 4 were not s ignif icant ly d i f f e ren t . Race 3 caused l ea s t damage 
to shoot growth (Table 3 5 ) . 
The root gall ing and eggmass product ion on t h i s cu l t i va r of eggplant 
by the nematodes as on tomato c v . Pusa Ruby d i d not v a r y . The mean 
GI and EMI values were i n v a r i a b l y 5.0 (Table 3 5 ) . 
b . Population of females , total population and reproduction factor : M. javanica 
produced h ighes t number of females . However, i t We^ s s ignif icant ly g rea te r 
(at P = 0.05) than Race 3 of \ 1 . incognita on ly . The number of females 
obtained from t h e roots inoculated wi th Race 2 was h ighes t among the 
races of M^ . incogni ta . Race 1 produced s ignif icant ly g r ea t e r number of 
females (at P = 0.05) than Race 3 but not than Race 4 . The number of 
females formed by Race 1 was l e s s than Race 2 . But t h i s difference was 
not s igni f icant . Race 2 a lso produced s ignif icant ly g r ea t e r number of females 
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Table 35. Comparative pathotrophic abiUty of Mgloidogyne javanica 
and Race 1, Race 2 , Race 3 and Race 4 of M. incognita 
at the same inoculum level (5000 J2) on eggplant (cv. Pusa 
Kranti): Shoot growth, gall index (GI) and eggmass index 
(EMI). 
Meloidogyne species 
Uninoculated (control) 
M. javanica 
M. incognita Race 1 
M. incognita Race 2 
M. incognita Race 3 
M. incognita Race 4 
L.S.D. 
P=0.05 
P=0.01 
Inoculum 
level 
(J2) 
00 
5000 
5000 
5000 
5000 
5000 
Shoot gro^^th 
Length Fresh 
(cm) weight 
(g) 
40.25 
32.75 
(18.63) 
33.65 
(16.40) 
33.00 
(18.01) 
36.25 
(09.94) 
35.55 
(11.68) 
2.52 
4.26 
30.76 
26.85 
(12.68) 
27.15 
(11.87) 
27.00 
(12.20) 
28.95 
(05.85) 
28.80 
(06.34) 
1.78 
2.50 
Dry 
weight 
(g) 
10.85 
07.15 
(34.10) 
07.40 
(31.80) 
07.25 
(33.18) 
08.40 
(22.58) 
08.15 
(24.85) 
0.89 
1.95 
GI/EMI 
(Mean) 
-
5/5 
5/5 
6/5 
5/5 
5/5 
Each value is mean of 5 repl ica tes . 
All values are significantly greater at both P=0.05 and P=0.01 over 
uninoculated (control). 
Values in parentheses represent per cent reduction over uninoculated (control) . 
(at P=0.05) than Race 3 but not than Race 4. The difference between 
the number of females produced by Race 3 and Race 4 was also 
not significant (Table 36). 
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The to ta l populat ion of M. javanica was a lso h ighes t and was s ignif icant ly 
g rea t e r (at P=0.05) than Race 4 and (at both P=0.06 and P=0.01) Race 3 
but not than Race 1 and Race 2 . The to ta l populat ion of Race 2 was h ighes t 
among the r ace s of M. incogni ta . This was not s ignif icant ly di f ferent 
from Race 1 and Race 4 but was s ignif icant ly g r ea t e r (a t P=0.05) than Race 3 . 
The to ta l populat ion of Race 1 was second h ighes t among the r a c e s which 
was s ignif icant ly g rea t e r (at P=0.05) than Race 3 . The di f ferences in 
to ta l populat ion of Race 1 and Race 4 ; and Race 3 and Race 4 were not 
s ignif icant (Table 36 ) . 
The Rf value was h ighes t for M. javanica followed by Race 2 , 
Race 1, Race 4 and Race 3 of M. incognita in t h i s o r d e r . The Rf value 
of M. javanica was not s ignif icant ly g rea t e r than Race 1 and Race 2 . 
But i t was s ignif icant ly g rea t e r (at P=0.05) than Race 4 and (at both P=0.06 
and P=0.01) Race 3 . Between the r a c e s , t he Rf value of Race 2 was h i g h e s t . 
It was, however , not d i f ferent s ignif icant ly from R^ce 1 and Race 4 . Rf 
values of Race 1 and Race 2 were s ignif icant ly g r e a t e r than Race 3 but 
not than Race 4 (at P=0 .05) . The difference in Rf va lues of Race 3 and 
Race 4 was not significant (Table 3 6 ) . 
c . Fecundity: The mean values of fecundi ty of the nematodes v a r i e d . 
The fecundity of M. javanica was s ignif icant ly h ighes t among the nematodes . 
It was followed by Race 2, Race 1, Race 4 and Race 3 of M. incognita in 
t h i s o r d e r . The fecundity of Race 2 was s ignif icant ly g rea t e r (at P=0.05) 
than Race 1 and ( . t both P=0.05 and P=0.01) Race 3 and Race 4 . Fecundity 
of Race 1 was a lso s ignif icant ly g r ea t e r than Race 3 and Race 4 (at both 
P=0.05 and P-0 .01) and l e s s than Race 2 (at P=0 .05) . The fecundity of 
Race 4 was a l so si^nifica;, tJy greater (at P=0.05) than Race 3 (Table 3 7 ) . 
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Table 37. Fecundity of Meloidogyne javanica and Race 1, Race 2, Race 3 
and Race 4 of M. incognita at the same inoculum level (5000 J2) 
on eggplant (cv. Pusa Kranti). 
Inoculum 
Meloidogyne species level (J,) 
M. javanica 
M. incognita Race 1 
M. incognita Race 2 
M. incognita Race 3 
M. incognita Race 4 
5000 
5000 
5000 
5000 
5000 
Number of eRgs/egpmass 
Range Mean 
268-595 
260-470 
263-518 
248-430 
255-461 
444 
395** 
420** 
342** 
377** 
Each value is mean of 16 eggmasses. 
** ' t ' value is significantly different from M. javanica at both P=0.05 
and P=0.01. 
d. Morphometries: The morphometries of females also showed variations. 
The females of M. javanica were significantly larger in terms of length 
and width of body and neck than Race 2 (at P=0.05), Race 1, Race 3 
and Race 4 (at both P=0.05 and P=0.01). The females of Race 2 were 
largest among the races of M. incognita. It was followed by Race 1, 
Race 4 and Race 3 in th is order . However, the differences between the 
races of M. incognita were not significant (Table 38). 
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Table 38. Morphometries (/im) of females of Meloidogyne javanica and Race 1, 
Race 2, Race 3 and Race 4 of M. incognita at the same inoculum 
level (5000 J , ) on eggplant (cv. Pusa Kranti). 
Parameters Mj 
Eggplant cv. Pusa Kranti 
MiR 1 MiR, MiR. MiR, 
BODY 
Length 
Width 
NECK 
Length 
Width 
STYLET 
Length 
MEDIAN BULB 
Length 
Width 
390-850 
(669) 
375-750 
(537) 
205-365 
(281) 
80-150 
(117) 
16-18 
(17) 
35-50 
(43) 
30-40 
(35) 
Values in p a r e n t h e s i s in a l l 
* and ** ' t ' 
and at both P 
values a re 
= 0 . 0 5 and 
422-762 
(585)** 
300-650 
(455)** 
100-298 
(217)** 
60-125 
(97)** 
15-17 
(16) 
33-40 
(37) 
25-35 
(30) 
the columns 
445-990 
(655)* 
315-725 
(487)* 
125-500 
(244)* 
72-155 
(107)* 
15-18 
(16) 
35-45 
(38) 
30-40 
(35) 
a r e mean of 
s ignif icant ly di f ferent from 
P = 0.01 r e s p e c t i v e l y . 
Mj = M. j avan ica ; MiR, 
Race 2; MiR_ = M. incognita 
= M. inco 
Race 3 ; MiR 
gnita Race 1 
. = M. ir 
425-740 
(560)** 
305-665 
(457)** 
105-300 
(215)** 
60-120 
(93)** 
14-18 
(16) 
35-40 
(36) 
30-35 
(32) 
15 females . 
425-785 
(568)** 
305-690 
(460)** 
120-375 
(217)** 
65-125 
(96)** 
15-18 
(16) 
36-45 
(38) 
30-40 
(34) 
M. javanica at P = 0.05 
MiR^ = 
icognita Race 4 
= M. incognita 
• 
DISCUSSION 
The relative success and survival of individual species in 
polyspecific communities of plant nematodes depend upon many different 
factors. The factors related to their occurrence are climate, edaphic, 
cropping his tory , host sui tabi l i ty , dissemination, reproductive capacity, 
persistence and interactions with other organisms including nematodes 
{Oostenbrink, 1966; Norton, 1978; Eisenback, 1985). Over the years , 
the knowledge gained on interactions among concomitant populations of 
nematodes on a diverse range of plants shows that interaction between 
two namatodes may be harmful to one or both species (antagonistic), 
have no effect (neutral) or beneficial to one or both species (mutualistic). 
Eisenback (1985) and Eisenback and Griffin (1987) in their recent and 
illustrious art icles on interactions among concomitant populations have 
made some generalizations deriving informations from various s tudies . 
According to them the effects of the nematode populations on each other 
are generally related to the nature of parasitism and competition is 
more severe between species with similar feeding hab i t s . The interactions 
between sedentary endoparaites, which are highly specialized, establishing 
a complex relationship with the hos ts , are generally mutually suppressive 
because they compete for the available feeding si tes and cause similar 
histopathological and physiological alterations in the host . 
The species of Meloidogyne commonly occur in mixed populations 
in the same field, root system or even galls (Taylor et^  al^., 1982; 
Taylor, 1987; Khan, 1988). This indicates that competition among the 
312 
species i s not intense but weak (Eisenback, 1985; Eisenback, and Griffin, 
1987). It is generally considered that other factors especially temperature 
are more important in the domination of a particular species of Meloidogyne 
because some species are more common in temperate climates (cooler) 
and other in sub-tropical and tropical (warmer) climates. The information 
obtained in Section One of the present study showed the common occurrence 
of M^ . javanica and M. incognita in mixed populations in vegetable fields 
in some dis t r ic ts of western Uttar Pradesh. M. javanica had slight 
predominance over M^ . incognita in the area. M^ . incognita populations 
of the area were comprised of all the 4 races . Race 1 and Race 2 were 
more frequent in M^ . incognita populations than Race 3 and Race 4. Among 
the races of M^ . incognita, Race 2 was commonest. Race 3 was least 
frequent. From this pattern of distr ibution, it can be implied that 
M^ . javanica and M. incognita regardless of races in the climatic conditions 
of the given area co-exist but M^ . javanica dominates over M. incognita. 
Furthermore, among the races of M. incognita, Race 1 and Race 2 
have better competitive abil i ty than Race 3 and Race 4 and are better 
adapted to withstand the inhibitory and dominating effects of M. javanica 
in a mixed population. In this respect . Race 3 is apparently least 
tolerant and Race 2 possesses best competitive abil i ty among the races . 
But relationship between Meloidogyne species in a mixed community 
has gained very l i t t le s tudy. 
The findings of the present studies on interspecific interactions 
between M. javanica and M- incognita, regardless of races , showed 
that M. javanica had better competitive abil i ty than M. incognita (Table 1-8). 
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In th is respect the races of M. incognita showed variations to some 
extent. This research on interaction between M. javanica and M. incognita 
Race 1 showed that the species individually or concomitantly at the 
same Pi caused equivalent adverse effects on plant growth. M. incognita 
Race 1 and M. javanica acting alone (Pi 2000 J2) or concomitantly (Pi 1000 3^ 
of each) caused almost equal reductions in shoot growth of plants . 
The root galling and eggmass production of each species , however, 
were mutually suppressed. Similarly the number of mature females and 
total population of nematodes were reduced in their concomitant presence 
on the same root system. The reduction in number of females of M^ . 
incognita Race 1 were greater than of M. javanica. As a result of reduction 
in total population in concomitant inoculation of the species , the reproduction 
factor (Rf value) of the nematodes were also reduced (Tables 2 ,4 ,6 ,8 ) . 
This indicates that negative interaction (antagonistic) occurred between 
M. javanica and M. incognita Race 1 where both were mutually suppressive, 
affecting root galling, eggmass production, total number of females, 
total population and reproduction factor of each other . This mutually 
suppressive effects of the species, did not reflect in the growth performance 
of the host . 
In general, the host plants derive benefit from mutually inhibitory 
interactive effects on interacting nematode species and show better growth 
(Wallace. 1978= Eisenback. 1985, Khan et a l . . 1,86a, ,986b; Eisenback 
and Griffin, 1,87,. This effect was not observed in the experiments 
because the host was most efficient for both the species , having same 
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modes of parasitism and feeding s i t e s . The Pi of the concomitant inoculation 
(2000 Jj, mixture of both species) although produced comparatively 
less population in comparison to Pi 2000 J2 of ei ther species singly, 
was sufficient enough to cause the extent of damage observed. Moreover, 
even in single species inoculation of both the species , the plant growth 
with 1000 and 2000 Pi did not vary significantly. But their reproduction 
capacity was affected by the presence of the other species in the same 
root system. Reductions in the reproduction capacity of the nematodes 
may have l i t t le or no effect on the plant growth during a single growing 
season. However, the reduction in inoculum potential may have significant 
ecological implication in natural field conditions for subsequent cropping 
seasons. 
The interactive effects of M. javanica was more inhibitory 
than M. incognita Race 1 in their antagonistic relat ionship. M. javanica 
produced more females than M^ . incognita Race 1 at the same Pi in their 
concomitant presence. A similar inhibition was suggested by the results 
of the concurrent fecundity study and results of pathotrophic abil i ty 
tests (Tables 29,32,33,36,37). The results of the interactions on their 
fecundity showed that the fecundity of M. javanica was relat ively less 
affected than the races of M. incognita. M. incognita Race 2, however, 
equally affected the fecundity of M. javanica. It was followed by Race 1. 
Race 3 and Race 4 were less suppressive; Race 3 being the leas t . In 
pathotrophic abil i ty tests M. javanica exhibited relat ively greater damage 
potential than the races of M. incognita. Among the races . Race 2 was 
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most damaging followed by Race 1. Race 3 and Race 4 of M^ . incognita 
showed relatively less damaging potential. 
A similar pattern in mutual inhibitory effects was noticed 
in the interactions between M. javanica and M. incognita Race 2; between 
M^ . javanica and M^ . incognita Race 3; and between M^ . javanica and M^ . 
incognita Race 4. The lack of effect of interaction between M. javanica 
and M^ . incognita on plant growth was consistent with i ts effects on 
root-galling, eggmass production, number of females produced, total 
nematode population and reproduction factor and this indicated the existence 
of mutually inhibitory effects on each other (Tables 3-8) . ^ . javanica 
in these antagonistic relationships with either race of M. incognita 
suffered less and formed more females than races of M^ . incognita. The 
suppressive effect of M^ . javanica on races of M^ . incognita varied in 
relation to production of females. Its suppressive effect was greater 
on Race 3 and Race 4 than on Race 1 and Race 2. In turn. Race 3 and 
Race 4 caused relat ively less inhibition of female production of M^ . 
javanica than Race 1 and Race 2. Hence, it can be implied that in 
a mixed community, M^ . javanica can survive, adapt and compete in 
a better way than M^ . incognita. Among M. incognita races . Race 1 and 
Race 2 have better attr ibutes in these respects than Race 3 and Race 4. 
The studies on interactions between sedentary endoparasitic 
nematodes available in l i terature show varying resu l t s . An antagonistic 
interaction between M^ . incognita and FI. oryzicola on rice (Rao and 
Prasad, 1981), inhibition of M^ . hapla by U_. schachtii on tomato (Griffin 
and Waite, 1982), suppression of M. incognita by H. glycines on soybean 
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(Ross, 1964), suppression of M. hapla on sugarbeet by prior inoculation 
of H. schachtii (Jatala and Jensen, 1983) have been repor ted. No interaction, 
however, occurred between M. incognita and H. cajani| on cowpea (Sharma 
and Sethi, 1976) and between M. hapla and H. scljachtii on sugarbeet 
(Jatala and Jensen, 1976, 1983). 
The interaction studies between R^ . reniforiqis and Meloidogyne 
species have also exhibited varying interactive effects|. Mutual suppression 
on grape seedlings (Rao and Seshadri , 1981), suppression of R^ . reniformis 
alone on soybean and black gram (Singh, 1976; Mishra and Gaur, 1982), 
suppression of M. . incognita on tomato (Kheir and Osman, 1977; Winto 
and Lim, 1972; Khan et^  al^., 1986a) and on eggplant (Khan et^  al^., 1986b) 
have been observed in their interactions. No interaction occurred between 
M. javanica and JR. reniformis on cowpea (Das and Prasad, 1971). The 
importance of initial population and host suitabjility in interactions 
between M. incognita and R^ . reniformis has also been shown (Thomas 
and Clark, 1980, 1981, 1983a, 1983b; Khan et^  a l . , 1986a, 1986b, 1987). 
The initial population density and competition for food and space have 
been attributed as important factors determining thfe rate of population 
increase in a multiple species nematode populations afid interactive effects 
on the interacting species . Mode of parasitism and host efficiency have 
also been offered as other important contributing factor$. 
In interactions between the species of Meloidogyne, predominance 
of M. javanica over M. hapla has been shown (Kinlcich and Allen, 1972). 
Inhibition of reproduction and population of M. h^pla by M. incognita 
on tobacco cultivar was demonstrated by Johnson and Nubaum (1970). 
The interactive effects of interaction between M. ir^cognita and M. hapla 
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were shown to be greatly influenced by temperatui+e. High temperature 
favoured M. incognita and low temperature helped M. hapla in thei r 
dominance over the other species. Similar dominance of M. incognita 
over M. javanica and M. hapla at high temperatures and dominance 
of M. javanica over M. incognita and M. hapla at cool temperatures 
on tomato roots in artificial inoculations were shown by Minz and Str ich-
Harari (1959). This study too stressed the impoiltance of temperature 
in their relative dominance. Among the climatic factors, temperature 
is regarded as most important for regulating the distribution of Meloidogyne 
species because some species are more common in cooler climates and 
others are better adapted to warmer climates ("ifaylor et^  al., 1982; 
Eisenback and Griffin, 1987). This feature has b^en evident from the 
results on the distribution of the species in th^ study area of the 
investigations (Section One). Nd. incognita and M. javanica have overlapping 
ecological requirements especially the temperature conditions as evident 
from their pattern of distribution in the world (Taylor et^  al_., 1982) 
and the experimental conditions for thei r interaction studies were same. 
The influence of inoculum density on predominance of M. javanica over 
M. hapla was also found by Kinloch and Allen (1972). In natural conditions, 
other factors as well may influence the interaction^fe between Meloidogyne 
species and the interactive effects depending upon the species involved. 
Both M. javanica and M. incognita are sedentary endoparasites 
and their host parasite relationships are identical . They have same 
zone of penetration and feeding site in host roots . Possibly relat ive 
differences displayed by the species and races in relation to pathotrophic 
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ability and reproduction efficiency, were responsible for the interactive 
effects on the nematodes. When M. javanica and races of M^ . incognita 
were varied on a given host under the same controlled environmental 
factors (atmospheric and edaphic) under glasshouse conditions, variations 
in their damage potential (reductions in plant growth) and reproduction 
efficiency (fecundity, population and size of females) exis ted. M. javanica 
was most efficient followed by Race 2 and Race 1 of M^ . incognita in 
the given experimental conditions. Race 3 of M. incognita was poorest 
among the nematodes in these respects . This also indicated that predominance 
of NI. javanica emanates from i ts greater pathotrophic abil i ty and reproduction 
efficiency. It may be surmised that these at tr ibutes of M. javanica, 
M. incognita Race 2 and M. incognita Race 1 may be direct ly responsible 
for their overall dominance; M. javanica dominating among the species 
of Meloidogyne recorded and Race 2 and Race 1 dominating over other 
races of M. incognita in the study area (Section One). The same might 
be the reason for poorest occurrence of M. incognita Race 3 . The influence 
of climatic factors especially of temperature in thii^ respect , however, 
can not be precluded. 
The present research has shown that intnaspecific interaction 
occurred in M. javanica and races of M. incognita especially at 
higher P i . M. javanica and all the races of M. incognita showed the 
same trend and were consistent in behaviour in th is respect . When the 
inoculum level was raised from 1000 to 10000 . J , , per cent development 
of females declined. With Pi 1000 J , , per cent development of females 
of the test nematodes ranged between 55-68. But when Pi was raised 
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to 10000 J , , the range was reduced to 14.8-18.8%. The total population 
of the nematodes though increased and higher population was recovered 
at 10000 J- (Tables 10, 12, 14, 16, 18) in comparison to 1000 J^, reproduction 
factor declined, apparently because of relat ively poor rate of population 
development of the nematodes at higher Pi (10000 J 2 ) . When the Pi 10000 J^ 
was sp l i t , per cent development of females as well as total population 
recovered, for each test nematode, increased in comparison to non-split 
inoculation of the same Pi (10000 J , ) . As a resul t , the Rf values were 
also greater in spl i t inoculations (Tables 20, 22, 24, 26, 28). This 
difference was reflected in the damage caused to the host plants . Split 
inoculations caused relat ively greater plant damage (Tables 19, 21, 
23, 25, 27). This observation demonstrated that individuals of the same 
species/race of Meloidogyne interacted, competiting with each other 
which influenced the plant damage and reproducti(on efficiency of the 
nematodes. The intraspecific interactions among the individuals in a 
species may be an important factor for population size of the species . 
Intraspecific interaction was not evident when Pi 10 J_ was raised to 
100 J_ which implied that there was no competition among the individuals 
and the inoculum density of the species/race should be higher , perhaps 
greater than the damaging threshold level for such an interaction among 
the individuals on a given host, when the food and space become limiting. 
This s tresses the importance of initial inoculum density for intraspecific 
interactions. In the spl i t inoculations, though the differences observed 
between three different ratios in relation to plant damage and reproduction 
efficiency were not significant but relat ively greater damage and higher 
reproduction efficiency were displayed by the nematodes when the Pi 
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was spl i t in the ratio of 2500+7500 J , . This suggested that the intraspecific 
interactions of the species were density dependent. It is l ikely that 
when the first intalment of 2500 J2 was added, the competition between 
the individuals at penetration and post - penetration stages were least 
in comparison to f i rs t instalment of the other two spl i t inoculations. 
A number of inoculation experiments with ntematodes of varying 
modes of parasitism have shown that rate of population increase declines 
with increase in the inoculum level (P i ) . The host efficiency, the 
pathogenicity of the nematode and other factors also influence thei r 
population increase (Khan et^  al^., 1986a, 1986b, 1987). Competition 
at penetration and post -penetration stages have been implicated as possible 
factors for such an effect. Jatala and Jensen (1976) while studying 
self-interaction of Meloidogyne hapla and Heterodera schachtii on sugarbeet 
observed that more galls developed on roots when the Pi of 500 J-, 
of M. hapla was applied in two doses . Greater galling, however, did 
not occur when 750 and 1250 juveniles were applied in two doses. 
In contrast, all double inoculations with H^. schachtii produced significantly 
higher populations of cys t s . They attributed pre-disposition as possible 
mechanism for the increase in the population of M. hapla and Pi. schachtii 
in double inoculations. 
At higher Pi overcrowding and clustering of juveniles of the 
test nematodes, in the present investigations, during thei r ingress at 
the penetration zone might have allowed fewer juveniles to enter the 
roots . The penetration zone for all the nematodes was root t i p . The 
availabili ty of space to accommodate and support the developing nematodes 
at higher inoculum levels might have resulted in competition for food 
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and space between the individuals of the nematodes that could penetrate 
the roots . This competitive interaction possibly caused reduction in 
the per cent development of females and total population. Reduction in 
number of females also contributed towards lower populajtion of nematodes. 
It has been generalized that competition between two sedentary endoparasites 
is generally mutually suppressive because of the available feeding sites 
and physiological alteration (Norton, 1978; Eisenback, 1985). The same 
can be implicated for competition that occurred amotig the individuals 
of the species/race of Meloidogyne. 
The results of interspecific interaction betwee)i M^ . javanica and 
U. incognita corroborate the Norton' s generalization that the species 
of nematodes can co-inhabit even living in close pifoximity influencing 
each other directly or indirectly (Norton, 1978) and one population 
can not exclude the other as required by the Gauge's pr inciple . At 
the same time, it also supports the contention that competition among 
the species of Meloidogyne, part icularly between M^ . javanica and M^ . 
incognita is weak as stated by Eisenback (1985). Thoi^gh the antagonistic 
interactions between M^ . javanica and M. incognita were not very intense, such 
interactions may be occuring in nature, influencing thei r reproduction 
efficiency and population growth. But the species manage to co-exist in a 
common pathosystem. Intraspecific interaction in the species was relat ively 
more intense. The two species can cohabit when the competition among 
the individuals in a species is greater than the competition between 
the species (Brewer, 1978). Notwithstanding the influence of other 
factors, it is possible that this pattern of interspecific and intraspecific 
interactions may be occuring in M. incognita and M. javanica populations 
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in nature which provide opportunities for their co-existence in common 
pathosytems. 
The data obtained through the present investigations on interactions 
of Meloidogyne species may be confirmed and more informations concerning 
their interactions on a common host crop may be gained by more extensive 
studies using advanced techniques if and when available to understand 
further their nature of co-existence in agricultural so i l s . 
SUMMARY 
Interspecific interaction of M^ . javanica with all the 4 races (Race 1, 
Race 2, Race 3 and Race 4) of M. incognita was studied separately in 
artificial inoculations on tomato cv. Pusa Ruby. Mutually inhibitory 
interaction occurred between M. javanica and M. incognita, regardless 
of r a c e s i n v o l v e d . But thei r negative interaction did not affect 
plant growth. M. javanica and either of the races of M^ . incognita singly 
or concomitantly, significantly reduced plant growth of tomato. The 
reductions in plant growth caused by single species inoculation (Pi 1000 
or 2000 J , ) or by concomitant inoculation (Pi 1000 + 1000 J , ) of the 
species were not significantly different. However, the per cent reduction 
in plant growth caused by M. javanica was greater than M. incognita 
races . 
The interspecific interaction of M. javanica with M. incognita 
(either race) influenced the root galling and eggmass production. The 
mean GI and EMI values were reduced in their concomitant presence. 
Likewise, number of mature females, total population and reproduction 
factor of each species, i r respect ive of races , were reduced in concomitant 
inoculations. The species mutually suppressed each other when present 
on the same root system. The reduction in the number of mature females/root 
system of M. incognita races were greater than M. javanica. This feature 
was consistent. Among the races of M. incognita, the reductions were 
greater for Race 4 (57.25%) followed by Race 3 (51.67%), Race 2 (47.97%) 
and Race 1 (44.89%) in th is order . 
The interaction of M. javanica and M. incognita also influenced 
the total population. The total population was reduced by their concomitant 
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presence when compared to the total population obtained in single species 
inoculation of M, javanica or either race of M. incognita at the same P i . 
The Rf value also declined in their interactions. 
The interaction between M. javanica with ei ther Race 1, Race 2, 
Race 3 and Race 4 of M. incognita adversely influenced the fecundity 
of the interacting nematodes. The fecundity of M. javartica was comparatively 
less affected than ei ther of the races of M. incognita except Race 2. 
In interaction of M. javanica and M. incognita Race 2, the fecundity 
of both was almost equally reduced. 
The interactive effects of M. javanica and M. incognita (Race 1, 
Race 2, Race 3 and Race 4) did not apparently influence the morphometries 
of the females of both the species in relation to length and width of 
the body, neck and median bulb and length of the s ty le t . 
M. javanica and races of M. incognita showed variations in their 
pathotrophic abi l i ty , in terms of plant damage and reproduction efficiency 
when examined on susceptible cultivars of tomato (cv. Pusa Ruby) and 
eggplant (cv. Pusa Kranti) . 
M. javanica caused greater pathogenic damage than M. incognita 
races, both on tomato and eggplant. But stat ist ical ly it was not different 
from Race 1 and Race 2 of M. incognita, which were also not significantly 
different among themselves in th is respect . U_. javanica, M. incognita 
Race 1 and M. incognita Race 2 caused greater reductions than M. incognita 
Race 3 and M. incognita Race 4. Among the races of M. incognita. Race 2 
was most damaging followed by Race 1, Race 4 and Race 3 . 
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Root galling and eggtnass production by all the nematodes on 
both the test plants were equal when rated by GI and EMI. Population 
of females, total population and reproduction factor of the nematodes, 
however, var ied. M. javanica produced highest number of mature females 
followed by Race 2 of M. incognita. A similar trend was observed 
in total population of nematodes. The total population of M. javanica 
was highest , followed by Race 2 of M. incognita. The Rf value was 
eilso highest for M. javanica followed by Race 2 of M. incognita. 
Differences were also noticed in thei r fecundity. The fecundity 
of M^ . javanica was significantly higher than o thers . Among the races 
of M. incognita Race 2 showed highest fecundity followed by Race 1. 
However, th is was not significantly different. Race 3 and Race 4 showed 
significantly low fecundity in comparison to Race 1 and Race 2 of M. incognita. 
The fecundity of Race 4 was also significantly greater than Race 3 . 
The size of femeiles of M. javanica (in terms of body length 
and width) was larger than the races of M. incognita. Its neck length 
was also greater than M. incognita races . Among the races of M. incognita 
the females of Race 2 were largest . Apparently, the damage potential 
and reproduction efficiency of M. javanica, M. iijicognita Race 1 and 
M. incognita Race 2 were greater than M. incognita Race 3 and M. incognita 
Race 4. 
Intraspecific interactions (among the individuals of a species/race) 
of Meloidogyne javanica and Race 1, Race 2, Race 3 and Race 4 of M. incognita 
were studied at different Pi (10, 100, 1000 and 10000 J-) and by splitting 
the Pi (10000 S^) in three different ratios (2500+7500 J - , 5000+5000 J- and 
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7500+2500 J^) for two intalment inoculation after a gap of one week on 
tomato cv. Pusa Ruby in glasshouse. 
Intraspecific interaction among the individuals of M. javanica 
or M. incognita (all the 4 races) was noticed. This was especially 
evident in population growth of the species/races as measured in terms 
of reproduction factor (Rf). At different P i , intraspecific interaction 
occurred among the individuals of the same species / races . Though the 
number of mature femeiles, total population (soil + root population) of all 
the test nematodes gradually increased with the increasing Pi , their 
reproduction factor declined progressively. 
Although highest number of mature females and highest population 
were recovered with 10000 J_, the reproduction factor was lowest at 
this P i . The per cent development of females also declined. For all 
the nematodes, per cent development of females at 1000 Pi ranged between 
54-68. But the range at 10000 Pi was 14.8-18.8%. When the Pi was 
increased from 10 to 100 J - , Rf value increased but thenafter gradually 
declined with the increasing level of inoculum. A consistency in this 
trend was observed for al l the nematodes studied. 
Root galling and eggmass production rated on GI and EMI, gradually 
increased with the increasing inoculum leve l . Highest mean GI and EMI 
values were recorded at Pi 10000 J- for all the test nematodes. A gradual 
increase in the inoculum level , progressively caused greater reduction 
in growth parameters. 
Assessment of intraspecific interaction of the nematodes by splitting 
10000 Pi for inoculation in two instalments (in three different ratios) 
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after a gap of one week also established the interaction among the individuals 
of the same species/race in all the test nematodes. Reductions in plant 
growth, number of females recovered, total population of the nematodes 
and thei r reproduction factors, all were greater in spl i t inoculations 
than non-split inoculations of Pi 10000 J , - Root galling and eggmass production 
measured on GI and EMI were, however, not affected. Highest number 
of mature females developed when the Pi 10000 Jp was spl i t in the ratio 
of 2500+7500 J - . Likewise, highest total population and reproduction 
factor of the nematodes were obtained with Pi 2500+7500 J - . This trend 
was obtained for all the nematodes examined, i rrespective of the species/ race. 
The results show that population growth of the nematodes declines if 
their population density in the field soil is considerabl)f high. At relat ively 
lower population density, they multiply faster and cause greater damage 
to the host crops. In th is respect M. javanica and M. incognita, regardless 
of races were similar. 
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